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NITRIFICATION NUTRIENT SOLUTIONS 
WITH LOW LEVELS POTASSIUM! 


Abstract 


active culture nitrifying bacteria was established adding moist 
garden soil high-K nutrient solution and incubating the system room 
temperature with adequate aeration. succession transfers into low-K 
nutrient solution the soil particles were eliminated and the level reduced 
0.40 p.p.m. Inoculum from this soil-free, low-K nitrifying culture was then 
study nitrification buffered nutrient solutions that contained even 
ess 

When the nutrient solutions contained 0.40 p.p.m. more, there was 
fication was impaired, however, when the level was less than 0.35 
solution that contained virtually there was negligible nitrification after 
second transfer was made eliminate the added the original inoculum. 
Under these conditions, the number nitrifying bacteria apparently decreased, 
but some them persisted for least days. Upon the addition 
nitrification occurred about the same extent ample had always been 
present. 


Introduction 

active culture nitrifying microorganisms solution containing 
relatively little was recently needed study the effect added the 
release and subsequent nitrification fixed vermiculite. This paper 
concerned with the preparation this culture and the effect low 
levels the nitrification results obtained with 

After studying the requirement several bacteria species, Rahn (3) 
stated gram-negative bacteria investigated far, with the exception 
Rhizobium, can grow without potassium. least they develop large 
numbers media made from analyzed chemicals glass containers, 
and addition potassium salts does not greatly increase the crop. Gram- 
positive bacteria develop such media only after addition potassium 
1958, Lester (2) recrystallized inorganic constituents, from 50% 
aqueous ethanol, prepare medium for studying the requirement 
bacteria. Growth all species bacteria studied was poor without 
and was markedly enhanced From this study, Lester stated, ‘‘the 
data which have been presented indicate that for continued growth potassium 
rubidium obligate requirement for many, and probably all, species 


received May 11, 1959. 

Contribution from the Iowa Agriculture and Home Economics Experiment Station 
(Journal Paper No. J-3651), Ames, Iowa, U.S.A. Project No. 1234. This work was sup- 
ported part the American Potash Institute. 

2Present address senior author: Georgia Experiment Station, Experiment, Georgia. 
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Lester pointed out that the growth obtained Rahn the 
absence added might have been due the presence small amounts 
that the small amount growth without added his own study might 
have been due traces the medium constituents glassware. 

The nitrifying bacteria were not included Lester’s investigation but his 
results would indicate that they would also require some The problem 
the present study, therefore, was one determining how little could 
used without interfering with the process nitrification. 


Materials and Methods 


active culture nitrifying bacteria with adequate supply was 
first established adding moist garden soil flask containing 
250 nutrient solution similar the second medium described 
Goldberg and Gainey (1). This high-K nutrient solution contained 0.325 
drop 10% FeCl; solution; and soil extract per 
liter. The soil extract was prepared autoclaving mixture 1000 
pressure and then filtering until the filtrate was practically colorless. 

This culture all the cultures used the subsequent nitrification 
experiments were incubated room temperature. Each solution was aerated 
and mixed stream water-saturated air. follow the progress 
nitrification aliquots the solution were removed periodically and the 
NO; content determined phenoldisulphonic acid method (4). These 
NO; values were corrected for the present initially before they were used 
calculate the percentage the NH, nitrified. 

The soil extract, the soil particles, and the all contributed the 
content the initial nitrifying culture solution. was not known the 
soil extract could eliminated from this culture solution, but Goldberg and 
Gainey (1) had shown that the soil particles were not essential for nitrification. 
The first reduction the content the nitrifying culture solution, there- 
fore, was accomplished transculturing eliminate the soil particles and 
the When nitrification was rapid and most the the 
initial nitrifying culture solution had been converted the 
culture was transferred flask containing 120 low-K nutrient 
solution. This low-K nutrient solution was prepared the same manner 
the high-K solution but contained This transculturing pro- 
cedure was repeated until there was trace soil particles and the content 
the culture solution was reduced that the low-K nutrient solution. 
The minimum level attained this manner varied from one batch 
nutrient solution another, since depended the soil extract. Relative 
solution containing the same chemicals but soil extract, however, 
there was generally less than 0.6 p.p.m. present. 
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further reduction the content the nitrifying culture solutions 
was made reducing the amount soil extract present. this the 
following nutrient solutions were prepared mixing low-K nutrient 
solution that did contain soil extract with various amounts third nutrient 
solution that did not. 

solution; and soil extract per liter content 0.17 p.p.m.). 

and drop 10% FeCl; solution per liter content assumed 
p.p.m.). 

Solution with 100 p.p.m. solution added per liter 
content 0.44 p.p.m.). 

500 solution and 500 solution per liter content 0.09 


333 solution and 667 solution per liter content 0.06 


p.p.m.). 
333 solution and 667 solution per liter content 0.35 


p.p.m.). 

Solution probably contained some due traces the reagents 
glassware, but for this investigation was assumed that this solution con- 
tained p.p.m. was used asa p.p.m. standard the determination 
and was then calculated from the amounts the other solutions used 
their preparation. 

Nitrification experiments were carried out with these nutrient solutions 
containing 120 the solutions. The inoculum for this experiment was 
active nitrifying culture low-K nutrient solution 0.6 p.p.m. 
present due soil extract) that had been incubated until there was test 
for NH, Nessler reagent. Since there was some transferred with this 
inoculum (in solution and probably the bacteria), these nitrification experi- 
ments were carried through second cycle with the same solution. That is, 
inoculum from each culture the end the first cycle was transferred 
another increment the same nutrient solution with NH, added. The 
was not completely nitrified all the cultures the first cycle. There- 
fore, correction for the NH, transferred the inoculum was made the 
calculation the nitrification values for the second cycle. 

The nitrification experiments were carried out duplicate. Only the 
mean nitrification values are reported. 


Results and Discussion 


The the high-K nutrient solution was rapidly nitrified after the 
moist garden soil was added; thus, active culture nitrifying bacteria 
was established. When inoculum from this culture was transferred the 
low-K nutrient solution containing soil extract and the transfer repeated 
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several times eliminate the soil rapid nitrification still 
occurred. The 0.40 p.p.m. nitrification curve Fig. shows the type 
results that was obtained after transculturing this manner until the cul- 
ture solution contained only 0.40 p.p.m. due the soil extract. For 
comparison, the nitrification results obtained with the same culture, but 
with 300 p.p.m. added, are also shown this figure. 


(%) 


NITRIFICATION ADDED NH, 


oF 


7 14 2i 28 
TIME INCUBATION (DAYS) 


Fic. Nitrification nutrient solutions containing soil extract and either 0.40 
300 p.p.m. 


Most the added was accounted for NO; after weeks incuba- 
tion, and there was difference nitrification between the two levels. 
Apparently, there was enough present the 0.40 p.p.m. solution for 
nitrification proceed normally. Nessler test the end days 
incubation indicated that NH, was present. The fact that only 90% 
the was recovered NO;-N may partially due the incor- 
poration nitrogen microbial tissue. 

When the level the nutrient solution was reduced diluting out the 
soil extract, there was decrease both the rate and the total amount 
NO; accumulation. These results are shown Figs. and 


Ss 


NITRIFICATION ADDED (%) 


NITRIFICATION ADDED (%) 


° 6 18 24 fe) 4 8 12 16 20 
TIME INCUBATION (DAYS) TIME INCUBATION (DAYS) 


Fic. Nitrification added nutrient solutions with various low levels 
and inoculum from culture solution that contained less than 0.6 p.p.m. (first cycle). 

Fic. Nitrification added nutrient solutions with various low levels 
and inoculum from the culture solutions the first cycle (second cycle). 


0.40ppm.K 
0.44ppm.K, 0:35 ppm. K 
0.17 ppm. K 
0.09 ppm. K 
| 0.06 ppm.k Oppm.k 
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The 0.44 p.p.m. nitrification curves were obtained with nutrient solu- 
tion that contained soil extract. Since nitrification this solution was 
good those containing soil extract and 0.35 p.p.m. more (Figs. 
and 3), evident that the soil extract was not essential for nitrification 
these experiments. The change nitrification observed when the soil 
extract was reduced dilution, therefore, was due the reduction 

comparison the results Figs. and shows that the small amount 
transferred with the inoculum the first cycle was big help when the 
level the nutrient solution was very low. The results obtained the 
second cycle (Fig. 3), therefore, should more indicative the effect 
these levels added nitrification. From these results evident 
that levels below 0.35 p.p.m. interfered with nitrification. 

the 0.06 and p.p.m. levels added there was essentially nitri- 
fication during the second cycle. determine the nitrifying bacteria 
were dead just inactive due deficiency inoculum from 
the p.p.m. K-flasks, the end the second cycle, was added flasks 
containing 100 solution (0.44 p.p.m. and The nitri- 
fication results obtained this experiment are presented Fig. 


(%) 


fe} 


NITRIFICATION ADDED NH, 


6 2 18 24 
TIME OF INCUBATION (DAYS) 


Fic. with inoculum from the p.p.m. K-flasks the second cycle 
and nutrient solution containing 0.44 p.p.m. 


After delay days, most the NH, was rapidly nitrified. This 
delay was nearly twice long that observed when the same nutrient 
solution was inoculated with active culture (Figs. and 3). Evidently 
the number nitrifying bacteria was considerably reduced when was 
added. Some the bacteria, however, persisted for days under these 
conditions and then became active when was supplied. 

may concluded from this investigation that required for nitri- 
fication. Only 0.4 p.p.m. addition the trace amounts from the chemi- 
cal reagents and the glassware needed, however. Furthermore, has been 
found that active culture can maintained nutrient solution con- 
taining soil extract and this level for over year regular transfers 
fresh solution. 
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The levels the nutrient solutions reported this paper were based 
the assumption that solution contained p.p.m. estimate 
the the chemicals used this solution (by precipitating the with 
sodium tetraphenylboron) indicated that this solution contained less than 
0.05 The actual minimum level required for nitrification, 
therefore, should close 0.4 p.p.m 
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PLATE COUNTS BACTERIA AND FUNGI SALINE SOIL! 
NORMAN JAMES 


Abstract 


Numbers bacteria and fungi saline soil were about one-fifth num- 
bers Red River clay soil. Bacterial counts two soil-extract agar media, 
one prepared from the saline soil and the other from Red River soil, were the 
same, and the populations the two were the same shown the replica 
plating technique. They were larger than counts sodium albuminate agar 
asparagin—mannitol agar. Likewise, fungal counts either soil-extract 
agar, with 0.02% dipotassium phosphate, 0.1% glucose, and 0.1% peptone, 
were higher than counts Waksman’s acidified medium, Martin’s medium, 
Smith and Dawson’s medium. Interestingly, fungal counts medium 
with the same three chemicals the soil-extract media but with the soil extract 
replaced water were high those the soil-extract media. Different 
levels potassium phosphate were tested each the above media. each 
medium for bacteria, and each for fungi, counts varied inversely the amount 
potassium phosphate. The same held true when sodium phosphate was 
used instead potassium phosphate each medium. 


Introduction 


Small scattered areas saline soil occur over most the non-forested 
region Manitoba (4). Their presence marked poor growth crops 
cultivated fields, selective species native plants pastured land 
virgin soil. Nothing known concerning the microbiology the soil 
these areas. This study was undertaken obtain plate-count information 
bacteria and fungi the soil from one representative highly saline area. 

first media general use for bacteria and, except one case, for fungi 
were used. appeared reasonable assume that, simple soil-extract 
agar medium for bacteria many respects superior other media (1), 
simple soil-extract agar medium likewise might prove superior medium 
for fungi. Samuel (5), working this laboratory, has provided such evidence. 
This investigator adapted the soil-extract agar medium for counts fungi 
merely adding the proportions rose bengal and streptomycin used 
Martin (3), and compared with three media use for fungi six 
different soils. numbers fungi developed this simple medium, 
but there was evidence relative starvation. Consequently, the present 
study the soil-extract agar use for bacteria was enriched with 0.1% glucose 
and 0.1% peptone. The scope the project thus was broadened include 
comparative study media. 

The wide discrepancy between counts fungi and bacteria soil- 
extract agar media and the synthetic media early made apparent that 
either the synthetic media lacked some essential ingredient they contained 
some substance substances that inhibited portion the fungi, the 
bacteria. The former probability did not appear applicable respect 
the fungi, since water plus the low concentration the three chemical 


received April 10, 1959. 
Contribution from the Department Microbiology, The University Manitoba, Winnipeg, 


Manitoba. 
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compounds used the soil-extract agar medium for fungi gave higher counts 
fungi than did any the three synthetic media. The problem concentra- 
tion chemicals the media accordingly was considered. was immedi- 
ately apparent that potassium phosphate was common all the synthetic 
media used and each was present relatively high concentration. Evi- 
dence the need for the amount used does not appear have been sub- 
stantiated. Rather, the use 0.1% has been traditional. Thornton (7) 
reported that variation concentration dipotassium phosphate (0.2%, 
0.1%, 0.05%, and 0.025%) had significant influence the spreading 
Bacillus dendroides, but made reference the effect variation con- 
centration any salt other ingredient his medium counts soil 
bacteria. Accordingly, the scope this project was further broadened 
include study concentration potassium phosphate media for fungi 
and for bacteria. 


Materials and Methods 


The soil? used this study was Lakeland silty clay located imper- 
fectly drained site the lowland area about two miles north Stony Moun- 
tain Manitoba. Vegetation the site was limited mainly Salicornia 
rubra, Suaede depressa, Grindelia perennis, and Distichlis sp. The sample 
was procured soon after the snow had disappeared, and was high moisture 
(47.3%). showed clearly the pseudomycelia and crystalline gypsum 
referred Pratt and Ellis Chemical data the sample follow. 


Water-soluble salts moisture-free basis 


0.190% 
0.399% 
0.521% 
0.005% 
1.691% 
SO, 0.908% 
HCO; 0.031% 
CO; 0.000% 
Available NaHCO; extraction 0.002% 
Inorganic 10.09% 
CaCO; 16.83% 


Conductivity 39.55 millimhos 

Four media were used for bacteria. Two were soil-extract agar media (1). 
One the two contained soil extract prepared from the saline soil with 
drainage water taken from open ditch about five rods from the area from 
which the saline soil was obtained. Undoubtedly, this soil-extract medium 
provided conditions closely related the natural environment the bacteria 
the soil investigated. other soil-extract medium was prepared from 
soil from fertile clay the Red River Association with tap water. The 
the saline soil-extract medium was 7.1, and the Red River soil- 
extract medium 6.6. The was left unadjusted order not interfere 


and description sample courtesy Dr. Ehrlich, chemical data courtesy 
Messrs. Yanke and Emmond, all the Manitoba Soil Survey. 
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with the normal salts each medium. The third and fourth media were, 
respectively, Waksman’s (8) sodium albuminate agar, and Thornton’s (7) 
asparagin—mannitol agar. 

Six media were used for fungi. Two were soil-extract agars prepared with 
the two soil extracts referred immediately above. The formula follows. 


Soil extract 1000 
Dipotassium phosphate 
Glucose 
Peptone 
Rose bengal (1/100 water) 
Streptomycin (0.3/100 water) 
Agar 


The stock solution was filter-sterilized and added aseptically 
the liquefied medium tempered 50°C for plating. The third, fourth, 
and fifth media were, respectively, Waksman’s (9) acidified medium, Martin’s 
(3) medium, and Smith and Dawson’s (6) medium. should noted that 
Martin used the same formula Waksman. Rather than sulphuric acid, 
Martin used rose bengal and streptomycin inhibit bacteria. The sixth 
medium was quite simple, and was the same either soil-extract agar medium 
but for the replacement soil extract tap water. 
The details the laboratory procedure have been published (1). 


Experimental 

Bacteria Different Media 

Two soil-extract agars were compared, one prepared from the saline soil 
and the other from the Red River soil. Each was used for counts bacteria 
the saline soil and the Red River soil, which served the check sample. 
The results are presented Table The saline soil contained about one 
fifth many bacteria the Red River soil, each sample having been plated 
the 1:1,000,000 dilution this date. second point obvious. The 
two extract agars may considered equivalent from the standpoint counts 
obtained. order determine whether not the populations the two 
agars were identical the two were tested the replica plating technique 


TABLE 


Effect medium counts bacteria. Mean counts, each from replicate plates 
from one and the same dilution each date 


Red River Saline Sodium 
Date Soil soil extract* extract* albuminate mannitol 
Apr. Red River 106 
Oct. Saline 106 131 


*0.02% K2HPOs, and 1.5% agar in soil extract. 


3In private communication Dr. Taber, Prairie Regional Laboratory, National 
Research Council, Saskatoon, Sask., reported that neomycin sulphate 0.1 mg/ml medium 
was more dependable than streptomycin for suppressing bacterial growth fungal medium. 
the added advantage being heat-stable, which simplifies the preparation the 
medium. 
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Lederberg and Lederberg (2), the two soils again being used. Two sets 
plates were prepared, one with saline soil extract and the other with Red 
River soil extract, each with 2.5% agar, and allowed harden and dry. 
One plate saline soil-extract agar was surface-inoculated with the 
diluted saline soil. Proper distribution surface colonies was made easier 
adding agar the final dilution blank and spinning the plate 
turntable the inoculum was spread quickly the use sterile flattened 
loop. plate with Red River soil-extract agar was surface-inoculated 
with the diluted Red River soil. After incubation, replica plates 
from the saline soil population were made saline soil-extract agar and 
Red River soil-extract agar, and from the Red River soil population 
Red River soil-extract agar and saline soil-extract agar. The experiment 
was replicated four times. Only one 207 colonies from saline soil that grew 
the four replica plates saline soil-extract agar failed grow the 
replica plates with Red River soil-extract agar. Likewise, only one 129 
colonies from Red River soil that grew the four replica plates Red River 
soil-extract agar failed grow saline soil-extract agar. typical result for 
each soil shown the slight discrepancy recorded, 
which might reasonably attributed experimental error, these findings 
appear indicate that the same populations developed the two soil-extract 
agars. 

Later, the saline soil was plated two commonly used media along with 
the soil-extract agars, with results shown Table Larger numbers 
bacteria from saline soil developed either soil-extract agar than sodium 
albuminate agar asparagin—mannitol agar. 


Fungi Different Media 

After initial plating, which established the dilution used and 
pointed the superiority soil-extract agar for fungi the saline soil, 
second sample was plated along with Red River soil sample. Each soil 
was plated replicates each seven media. The mean counts the 
saline soil each medium follow. 


Saline soil-extract agar (0.02% dipotassium phosphate) 
Red River soil-extract agar (0.02% dipotassium phosphate) 
Saline soil-extract agar (0.02% dipotassium phosphate, 0.1% glucose, 

0.1% peptone) 
Red River soil-extract agar (0.02% dipotassium phosphate, 0.1% glucose, 

0.1% peptone) 
Martin’s medium 
Martin’s medium (saline soil extract instead water) 
Martin’s medium (Red River soil extract instead water) 


Fic. platings showing equivalent nutrients two soil extracts. Upper: 
saline soil bacteria from surface colonies saline soil-extract agar saline soil-extract 
agar (left) and Red River soil-extract agar (right). Lower: Red River soil bacteria from 
surface colonies Red River soil-extract agar Red River soil-extract agar (left) and 
saline soil-extract agar (right). 

Fic. Fungi from saline soil. Typical replicate platings from one dilution, 
plates for each medium. Upper: Martin’s medium. Lower left: Martin’s medium 
with water replaced saline soil extract. Lower right: Saline soil-extract agar con- 
taining 0.02% 0.1% glucose, 0.1% peptone, and the bacterial inhibitors 
Martin’s medium. 


PLATE 
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These counts represented fungal populations ranging from 5500 17,500 
per gram, and with counts bacteria were smaller than counts the Red 
River sample. was apparent that for the sample plated any medium 
containing soil extract was superior Martin’s medium. Typical plates 
with three the media are shown Fig. attempt determine 
what species, any, accounted for this difference each discrete colony 
three plates with saline soil-extract agar and seven plates with Martin’s 
medium was cultured potato sucrose agar for further The 
cultures from the saline soil-extract medium represented species, 
which were not represented the cultures from Martin’s medium. Scopu- 
lariopsis sp. accounted for 19, Sporotrichum sp. for unidentified species 
for and each three other species for the cultures. The cultures 
from Martin’s medium represented species, which were not repre- 
sented the cultures from the saline soil-extract medium. 

The counts three the seven media referred above are presented 
Table II, along with counts three other media variously used the course 
the study. may noted that the difference between counts the 
soil-extract media and Martin’s medium was less marked after the sample 
had been stored about for four more months. Counts Waksman’s 
medium and Smith and Dawson’s medium were relatively low. 

The medium that provided unanticipated interest was the extract low 
potassium phosphate low glucose low peptone medium. the six com- 
parisons, counts this medium were equal those the soil-extract media, 
and there was readily detectable difference vigor growth inci- 
dence species. 


TABLE 


Effect medium counts fungi. Mean counts, each from replicate plates 
from one and the same dilution each date 


Red River Saline Smith 


Date Soil soil extract* extract* 
May 7 Saline 12 13 6 
May 28 Saline 35 35 11 
July 18 Saline 46 41 15 29 33 
Aug. 5 Saline 14 10 
Aug. 20 Saline 26 28 18 
Sept. 3 Saline 42 46 44 
Sept. 10 Saline 17 20 18 
Sept. 29 Saline 35 42 36 
Nov. 14 Saline 27 26 8 
Dec. 18 (6) Saline 109 116 100 71 86 2 


*Soil extract, K2HPOs 0.02%, glucose 0.1%, peptone 0.1%, agar 1.5%, rose bengal 0.03 mg/ml, and strepto- 
mycin 0.03 mg/ml. 

TWater instead of soil extract, otherwise the same. 
Concentration Potassium Phosphate Media for Fungi 

Three levels potassium phosphate were used each soil-extract agar, 
Martin’s medium, and Smith and Dawson’s medium for counts fungi 
saline soil and two other soils. Dipotassium phosphate was used the 


‘Courtesy Drs. Machacek and Gordon, Senior Plant Pathologists, Canada 
Department Agriculture Research Laboratory, Winnipeg, Manitoba. 
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soil-extract agar and Smith and Dawson’s medium, and monopotassium 
phosphate Martin’s medium. The results are presented Table III, 
together with data the media. The evidence rather convincing. 
Counts the medium with the higher concentration, general, were lower 
than those the same medium with lower concentration; and the difference 
was not sufficient account for the difference. The finding most 
striking with the saline soil, and with saline soil-extract agar with Smith 
and Dawson’s medium made with saline soil extract. The results that did 
not conform with the general trend probably could accounted for the 
basis chemical reactions between the excess potassium phosphate and other 
salts the medium (Dec. Smith and Dawson’s medium), the basis 
populations less sensitive differences concentration potassium 
phosphate (Nov. 28). 
TABLE III 


Effect concentration potassium phosphate medium counts fungi. 
Mean counts, each from replicate plates from one and the same dilution each date 


Potassium 
Date Soil Medium phosphate 0.02% 0.10% 0.50%* 

Aug. Saline Saline soil extract Dibasic 

Aug. Saline Saline soil extract Dibasic 

Sept. Saline Saline soil extract Dibasic 

Sept. Saline Saline soil extract Dibasic 

Sept. Saline Saline soil extract Dibasic 

Nov. Saline Saline soil extract Dibasic 
Dec. (a) Saline soil extract Dibasic 
Dec. (b) Saline soil extract Dibasic 100 
Sept. Saline Martin’s Monobasic 
Sept. Saline Martin’s Monobasic 
Sept. Saline Martin’s Monobasic 
Nov. Saline Martin’s Monobasic 
Dec. (6) Martin’s Monobasic 102 
Nov. Saline Smith Dawson’s Dibasic 
Nov. Red River Red River soil 
Nov. Birds Hill Red River soil 
Nov. Red River Martin’s Monobasic 
Nov. Birds Hill Martin’s Monobasic 
Nov. Birds Hill Smith Dawson’s Dibasic 


medium 
Saline soil-extract agar 
Red River soil-extract agar 
Martin’s 6.6 
Smith Dawson’s 6.8 


*The higher concentrations of potassium phosphate produced larger amounts of precipitates in saline soil-extract 
agar, and in Smith and Dawson’s medium made with saline soil extract. Presumably, these precipitates could 
account for the paradox of lower pH with higher concentration of potassium phosphate in media made with the 
saline soil extract. 

TAt this plating, 124 of 240 colonies on five plates from Red River soil with Martin’s medium were Penicillium 
spp.; whereas Penicillium spp. accounted for only 10 of 60 colonies with Smith and Dawson's medium. The 
corresponding numbers from Birds Hill soil at the same plating were 126 of 360 colonies with Martin’s medium 
and 4 of 85 colonies with Smith and Dawson's medium. Essentially the same observation was recorded on plates 
prepared on Dec. 18 from saline soil. In these plates practically all colonies on Martin’s medium with 0.50% 
KH2PO, were Penicillium spp. 


7.4 7.8 
6.0 5.3 
5.9 5.4 
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Concentration Potassium Phosphate Media for Bacteria 

Three levels dipotassium phosphate were used soil-extract agar and 
two levels each sodium albuminate and asparagin—mannitol agars for 
counts bacteria the three soils used for the effect concentration 
potassium phosphate fungal counts. The different high levels sodium 
albuminate and asparagin—mannitol agars represent the different concentra- 
tions dipotassium phosphate originally prescribed for the two media. 
The results are presented Table IV, together with data the media. 
Here the evidence even more convincing. Without exception, each 
comparison the medium with the higher potassium phosphate produced 
lower count than did the low potassium phosphate medium. 


TABLE 


Effect concentration dipotassium phosphate medium counts bacteria. 
Mean counts, each from replicate plates from one and the same dilution each date 


Date Soil Medium 0.02% 0.05% 0.10% 0.50%* 
Oct. Saline Saline soil extract 196 
Oct. Saline Sodium albuminate 
Oct. Red River Red River soil extract 104 
Oct. Red River Sodium albuminate 
Oct. Birds Hill Red River soil extract 196 154 
Oct. Birds Hill Sodium albuminate 128 
Oct. Birds Hill Asparagin—mannitol 


medium 


Saline soil-extract agar 6.0 
Red River soil-extract agar 7.4 7.8 
Sodium albuminate agar 7.6 
agar 7.4 


*Refer footnote Table III. 
TABLE 


Comparative effect concentration dipotassium phosphate and disodium phosphate 
soil-extract agars counts bacteria, and fungi. Mean counts, each from five 
replicate plates from one and the same dilution each date 


Date Soil Medium Group 0.02% 0.10% 0.02% 0.10% 
Jan. 7 Saline Saline soil extract Bacteria 155 30 134 34 
Feb. 24 Saline Saline soil extract Bacteria 108 31 117 36 
Jan. 23 Red River Red River soil extract Bacteria 63 65 55 49 
Feb. 23 Red River Red River soil extract Bacteria 151 105 134 93 
Jan. 23 Birds Hill Red River soil extract Bacteria 70 67 70 46 
Feb. 23 Birds Hill Red River soil extract Bacteria 159 117 146 97 
Jan. 7 Saline Saline soil extract Fungi 42 22 40 36 
Jan. 12 Saline Saline soil extract Fungi 21 15 23 17 
Feb. 24 Saline Saline soil extract Fungi 56 52 56* 56* 
Jan. 23 Red River Red River soil extract Fungi 21 20 20 13 
Feb. 23 Red River Red River soil extract Fungi 23 21 20 20 
Jan. 23 Birds Hill Red River soil extract Fungi 39 31 37 29 
Feb. 23 Birds Hill Red River soil extract Fungi 34 28 33 31 


*Fungal colonies on the medium lacking potassium were noticeably slower in developing. After incubation 
at 26° C for 6 days more than half the colonies were not more than 2 mm in diameter, whereas on this date only 
few colonies on the medium with K2HPOs were so small. 
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Comparative Effect Potassium and Sodium Phosphates Media for Bacteria 
and for Fungi 

Soil extract agars with 0.02% and 0.10% dipotassium phosphate were used 
along with agars prepared from the same extracts with 0.02% and 0.10% 
disodium phosphate for counts bacteria the three soils. Likewise, 
soil-extract agars for fungi (0.1% glucose and 0.1% peptone) the two 
concentrations the two salts were used for counts fungi. The results 
appear Table general, the two salts had the same effect counts— 
for each salt the count the medium with 0.02% concentration was larger 
than that the medium with 0.10% concentration. The difference was 
greatest with the saline soil, and more with the bacteria than with the fungi. 


Discussion 


The demonstration that local area highly saline soil supported popula- 
tions bacteria ranging millions per gram and fungi thousands per 
gram, indicated routine plating methods, was not unexpected. The 
soil presented evidence the normal decomposition processes associated 
with microbial activity. This provides additional information the ubiquity 
the soil flora, and its adaptability widely differing environmental condi- 
tions. The latter was substantiated the fact that the bacteria from the 
saline soil developed equally well soil-extract agar prepared from normal 
productive soil. Further, general the fungi comprised the spectrum 
species characteristic normal soils. There still remains the probability 
that certain species bacteria and fungi predominate the saline soil, 
phenomenon that was beyond the scope the present study. 

The wide difference counts bacteria and fungi one sample 
different media supports the premise that either population one medium 
circumscribed the environment peculiar that medium. bears 
valid relationship the population another medium. 

Probably the most significant finding has with the effect concentra- 
tion potassium phosphate any medium used this study counts and 
the fact that when sodium phosphate replaced potassium phosphate the 
medium the results were the same. The latter may accepted indicating 
that either phosphate excess was responsible for the inhibiting effect 
potassium and sodium acted the same way. This finding supports 
belief the need for fundamental approach the problem formulation 
medium for bacteria, for fungi. Obviously, that approach would 
involve detailed nutritional studies large numbers organisms and laborious 
testing with many combinations chemical compounds, but would provide 
sound basis for progress. 

This study leaves unconsidered the concentration other ingredients 
the different media. Its findings prompt the opinion that for present use 
soil-extract medium with 0.02% dipotassium phosphate provides growth 
conditions for larger bacterial population than does any synthetic medium. 
The statement applies, likewise, the fungal population the medium 


JAMES: BACTERIAL AND FUNGAL COUNTS 439 


enriched with 0.1% glucose and 0.1% peptone and made selective the use 
bacterial inhibitor. Undoubtedly, the larger population bacteria 
fungi attributable greater number species. 


oo 
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ESTIMATION ERGOT ALKALOIDS CULTURES 
CLAVICEPS 


Abstract 


Methods for estimating the content ergot alkaloids cultures Claviceps 
purpurea have been examined select simple but reliable assay procedure for 
evaluating the effects cultural conditions and strain differences yield. 
Modification solvent extraction method used for ergot sclerotia gave the 
most satisfactory results. Disadvantages and limitations this and other 
procedures which were explored are described. 


Introduction 


study the formation ergot alkaloids saprophytic culture (15), 
simple, rapid method for their estimation was required. The many unsub- 
stantiated claims vitro alkaloid production found the literature (7) 
suggested that the method assay must also quite specific. Procedures 
used the present have been adapted from those employed for the assay 
ergot sclerotia pharmaceutical preparations, and their accuracy use- 
fulness for cultures has not been investigated. the work reported below, 
attempt has been made evaluate the known methods and compare them 
with some alternatives which appeared offer certain advantages. 


Materials and Methods 

Solvents and Reagents 

ether was freed from peroxide shaking with acid ferrous sulphate 
solution before use. Dowex-1, Dowex-50, and Dowex-21K resins were con- 
ditioned heating steam bath with excess sodium hydroxide, decant- 
ing, washing with distilled water, and then heating with excess hydrochloric 
acid. The cycle was then repeated substituting 50% ethanol for water the 
solvent. The resins were finally washed thoroughly with distilled water, 
sucked free excess water for minutes Buchner funnel, and stored 
damp either the hydrogen chloride form. Amberlite was 
prepared the same manner. was converted the sodium form treat- 
ment with sodium hydroxide and washed with distilled water. The sodium 
form was buffered give values between 3.0 and 10.0 0.25 intervals 
percolation with acetate, phosphate, borate solutions the desired 
until the input and effluent pH’s were the same. The resin was then 
washed thoroughly with distilled water. 

1Manuscript received May 23, 1959. 
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Claviceps purpurea Cultures 

These were grown nutrient media 250-ml Erlenmeyer flasks 
without shaking for periods days. Isolate PRL 1555 
was grown mannitol ammonium succinate (No. medium and pro- 
duced little alkaloid. PRL 1578 was grown medium containing galactose 
and ammonium succinate, and produced mixture alkaloids which 
ergosine, ergosinine, ergocryptine, and ergocryptinine were the major com- 
ponents. Details the cultures, cultivation, and composition 
the media have been described elsewhere (15). 


Standardized Culture Solids 

PRL appropriate number cultures were combined and 
macerated Waring blendor homogeneous slurry, then subdivided 
into 50-ml aliquots. certain experiments, these were supplemented with 
known amounts ergometrine maleate before being freeze-dried; sufficient 
number controls were left unsupplemented establish the endogenous 
alkaloid content. 

PRL were combined and macerated above. The lyophi- 
lized culture solids were then passed through 40-60 mesh sieve, mixed 
thoroughly, weighed, and subdivided into equal amounts corresponding 
the average weight one culture. 

Analyses were carried out duplicate. Whenever the values obtained 
varied more than 2%, additional cultures were analyzed and the results 
averaged. 


Extraction Cultures Different Solvents 

Extraction Dry Lyophilized Cultures 

Uniform lots material were prepared above except that the slurries were 
made alkaline with ammonium hydroxide. Each PRL 1555 was 
supplemented with 127 ergometrine maleate. The extractions were 
carried out shaking for hour with ether, chloroform, benzene, 
ethyl acetate, acetone, methanol, (4:1), 
(1:1). After filtration the residue was washed twice with 10-ml portions 
solvent and the filtrate evaporated carefully dryness 40° 
vacuo. One milliliter 10% aqueous ammonia was added and after three 
extractions each with ether, the combined ethereal solution was 
shaken with 0.1 sulphuric acid (10 ml). Three milliliters the aqueous 
phase were treated with van Urk reagent (2). alkaloid 
present was measured colorimetrically and estimated reference stan- 
dard curve constructed reacting known amounts ergometrine maleate 
with van Urk reagent. alkaloid was extracted with ether, chloroform, 
benzene, ethyl acetate. Values for the remaining solvents are given 
Table IA. 


Extraction Wetted Lyophilized Cultures 
Standardized culture solids PRL 1555 (supplemented with 127 
ergometrine maleate) and PRL 1578 were wetted with 10% aqueous 
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ammonia, extracted with ether, chloroform, benzene, ethyl acetate 
and the alkaloid estimated for dry lyophilized cultures. The results are 
given Table IB. 


TABLE 


Recovery alkaloid from standardized PRL 1555* 
and PRL 1578 (as ergometrine maleate) 


Extracting solvent PRL 1555 PRL 1578 

Dry cultures 

Acetone 

Methanol 157 

(4:1) 162 101 

(1:1) 166 102 
Wetted culturest 

Ether 126 

Chloroform 132 

Benzene 

Ethyl acetate 106 


*Supplemented with 127 wg ergometrine maleate per culture. Unsupplemented 
control cultures extracted with ether contained 42 Hg ergometrine maleate. 
fCultures were wetted with 1 ml of 10% aqueous NH,OH. 


Examination Ether-insoluble Fractions 

The fraction the 50% ethanolic extract (from cultures PRL 1555 and 
PRL 1578) which was not extracted into ether the first part this experi- 
ment was examined paper chromatography n-butanol acetic acid 
water (4:1:5) and pyridine water (4:1:5). Blue-fluorescent 
zones given lysergic acid and its derivatives under ultraviolet irradiation 
were absent from the chromatograms. With p-dimethylaminobenzalde- 
hyde ethanolic hydrochloric acid (3) single blue zone appeared the same 
tryptophane standard. The amount tryptophane the cultures 
was estimated (11) 420 for PRL 1555 and 230 for PRL 1578. 

The residue not extracted into 50% ethanol the first part this experi- 
ment was shaken under nitrogen with potassium hydroxide 50% 
ethanol room temperature for hours. The mixture was then filtered, 
the filtrate neutralized with hydrochloric acid, evaporated dryness 
40° vacuo, and the dry solid extracted repeatedly with absolute ethanol 
(100 ml) containing few drops concentrated ammonia. The extract was 
concentrated almost dryness and paper chromatographed the solvent 
systems used above. faint blue zone with the tryptophane was detected 
with spray. blue-fluorescent zones were 
present. control which 200 ergometrine maleate was added 
the culture before treatment with alkali, zones giving blue fluorescence 
ultraviolet light and blue color with the spray reagent were detected 
values corresponding those lysergic acid, isolysergic acid, ergometrine, 
and ergometrinine standards. From cultures hydrolyzed with alkali 40° 
above for hours, lysergic acid derivatives could detected the 
controls. 
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Effect Alkaloid Yield Efficiency Extraction 

culture solids PRL 1555 supplemented with 10, 25, 67.5, 
146, 500, 1000, and 5000 ergometrine maleate with 
10% aqueous ammonia, and extracted with ether (50 ml) shaking for 
minutes. The mixture was filtered and the residue washed with two 10-ml 
portions fresh ether. For alkaloid levels 67.5 the ether was 
back-extracted with 0.1 sulphuric acid. The acid layer was separated 
and reacted with van Urk reagent. For alkaloid levels 146, 500, 1000, 
and 5000 the ether was back-extracted directly into 10, 50, and 100 
respectively 0.1 sulphuric acid and 3-ml aliquot removed for the color- 
imetric analysis. Recoveries are given Table II. 


TABLE 


Per cent recovery alkaloid from standardized cultures 
PRL 1555 supplemented with various amounts 
ergometrine maleate 


Ergometrine maleate added, Recovered, 

91.5 
67.5 
146 
500 
1,000 
5,000 


Procedure 

Cultures were taken from the growth chamber and frozen for hours 
—40°C. After lyophilization 10% aqueous ammonia (1.0 ml) and ether 
(50 ml) were added and the flask stoppered and shaken for minutes. The 
contents were filtered through coarse sintered glass funnel into separatory 
funnel and the residue washed twice with fresh ether. Where low 
yield alkaloid was expected and was advisable concentrate the ether 
solution before back-extraction into small volume 0.1 sulphuric acid, 
this was done placing the vessel temperature-controlled bath 40° 
and directing stream nitrogen onto the surface the liquid. The ether 
solution was shaken with more dilute acid, according the yield 
alkaloid expected. After settling, the aqueous phase was withdrawn and 
treated with van Urk reagent. Minimum yields alkaloid 
(calculated ergometrine) estimated this method where 3-ml volume 
acid was used for back-extraction were per culture (80 per liter 
culture medium). This was determined the level which distinct blue 
color was just discernible the eye after the reagent was added. 


Procedure (Repeated Extraction) 

Cultures were extracted with ether the previous experiment and the 
estimated. The residual culture solids were then shaken with 
fresh ether, filtered, washed, and the alkaloid this extract estimated 
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the same manner. This process was repeated twice more. Where the method 
was used obtain accurate value for total alkaloid culture the extracts 
from four successive extractions with ether were pooled before back-extraction 
with appropriate amount dilute acid. 


Continuous Ether Extraction 

Standardized culture solids PRL 1555 (supplemented with 146 
ergometrine maleate) and PRL 1578 were resuspended water (50 ml) 
containing sodium bicarbonate and extracted continuously with ether 
the dark. intervals fresh ether was substituted the receiver, the 
extract back-extracted with appropriate amount 0.2 sulphuric acid, 
and the alkaloid content estimated cultures were 
assayed procedure 

separate experiment additional replicate cultures were suspended 
50% aqueous ethanol containing tartaric acid and shaken for hour. 
They were then filtered, washed with fresh solvent, and the filtrate concen- 
trated 40° vacuo approximately and shaken with ether (50 
ml). The aqueous phase was made alkaline with sodium bicarbonate and 
extracted continuously with ether above. 


Procedure 

Cultures were shaken for hour with tartaric acid (1g) and ethanol (50 ml), 
filtered, washed with 50% aqueous ethanol, and the filtrate applied column 
containing 6meq) Dowex-50 Theresin was washed with 
50% aqueous ethanol and eluates this stage per cent 
ammonium hydroxide 50% aqueous ethanol was used desorb the 
alkaloids and the first 100 eluate collected. 5-ml aliquot was reacted 
with van Urk reagent and the color measured 550 after min- 
utes. The alkaloid content the culture was estimated reference 
standard curve prepared using known amounts ergometrine maleate 
the same solvent. The smallest amount alkaloid (as ergometrine) which 
could determined this way was per culture (1.5 per liter 


culture medium). 
TABLE III 


Alkaloid content (as ergometrine maleate) identical 
“cultures” analyzed procedures and 


Procedures 
Ergometrine maleate 
PRL 1555 
Nil 
127 129 174 177 
508 419 540 533 
1,016 793 1,021 1,025 
5,080 5,049 
PRL 1578 
Nil 812 945 1,065 
Nil 942 1,062 1,170 
Nil 1,040 1,156 1,240 


I 
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Standardized culture solids PRL 1578 and PRL 1555 supplemented 
with 127, 508, 1016, and 5080 ergometrine maleate were assayed 
procedures and Replicate were reconstituted suspending 
the culture solids water and the alkaloid content determined 
procedure The results are given Table III. 


Results and Discussion 


Solvent Extraction Methods 

earlier studies ergot alkaloid formation several authors (1, 10, 14, 
16) have found convenient separate the mycelium from the culture liquid 
and analyze the two independently. The filtrate was reacted, either directly 
after dilution, with van Urk reagent and the amount blue color measured. 
Unless alkaloid yields are high amounts interfering substances present 
are negligible, such procedure may misleading. this laboratory many 
the cultures examined were found contain pigments and other compounds 
(e.g., tryptophane) which interfere with the van Urk reaction. For the 
estimation alkaloid the mycelial solids, one the procedures used for 
ergot sclerotia (6) has invariably been used. these the dried and powdered 
product first extracted with petrol, which the alkaloids are insoluble. 
The free bases are then formed addition alkali and are extracted witha 
suitable solvent. They may re-extracted from ethereal solution into 
dilute acid, and the alkaloid content the aqueous solution determined 
colorimetrically. The partial purification resulting from this procedure, which 
ensures that only ether-soluble bases are estimated, has been found add 
the required specificity the test. Since usually unnecessary have 
separate values for the amount alkaloid present the broth and mycelium, 
the whole culture may reduced lyophilization dry solid suitable 
for analysis this method (12, 13). This step has the added advantage 
permitting larger experiments since growth can arrested many cultures 
simultaneously freezing. Tests have shown that maceration the mycelial 
pad give finely powdered product unnecessary. (Randomly sampled 
replicate flasks from single experiment analyzed both ways gave average 
values 2.00 (macerated) and 2.28 (unmacerated) ing alkaloid per culture.) 
The culture was successively frozen, dried, rewetted, alkalinized, and extracted 
with solvent the flask which was grown. 

For the extraction, ether was found the most suitable solvent. The 
alkaloid was recovered high yield single treatment (Table IB) and 
addition could transferred dilute acid for estimation with van Urk reagent 
direct back-extraction the solution. Chloroform, the only other water- 
immiscible solvent found give equivalent recovery, retained large pro- 
portion some alkaloids the back-extraction step. Wetting the culture 
was necessary release the alkaloid from adsorptive binding the culture 
solids since none could extracted with dry non-polar solvents. sufficient 
volume water was required wet the solids adequately, but excess 
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had avoided prevent formation sticky lumps. One milliliter was 
usually optimal, and with cultures containing large proportion unused 
sugar, the addition Hyflo supercel before wetting was necessary. alka- 
linizing agent, 10% ammonium hydroxide was preferred since more 
convenient use and, comparative runs, permitted least good ex- 
traction did magnesium oxide sodium bicarbonate. shaking period 
minutes was sufficient for maximum extraction the alkaloid, and pro- 
tection samples from light was unnecessary during the time required for 
the analysis. 

The procedure based upon the results these tests, henceforth called 
procedure was used estimate the alkaloid content series stand- 
ardized samples dried culture solid, which had been supplemented with 
various amounts ergometrine. Recoveries appeared improve the 
alkaloid content decreased (Table the higher levels remained constant 
about 77%. establish that failure recover total added alkaloid 
single extraction was due neither degradation nor irreversible binding 
cellular material, cultures have been extracted repeatedly this pro- 
cedure. successive extractions PRL 1555 cultures supplemented with 
ergometrine gave, respectively, 75, 15, and less than the total alka- 
loid present. Cultures PRL 1578, which contained mainly the water- 
insoluble alkaloids, gave successively 89, and less than recoveries. 
This appreciable difference the proportion total alkaloid which can 
recovered from the two strains single extraction suggests that the kind 
alkaloids produced cultures will influence the analytical result. 
parisons alkaloid yield can made with accuracy only between cultures 
producing mixture constant composition, ensuring complete removal 
the alkaloid through successive extraction the solids (procedure B). 
Variation encountered the analysis duplicate cultures all the work 
described above has been +3%. 


Modified Solvent Extraction Methods 

Analysis cultures repeated extraction has been found too time con- 
suming for routine use, and transferring the dry powdered solids column 
for percolation with chloroform ether containing aqueous ammoniacal 
ethanol (4) also proved cumbersome. Exhaustive continuous extraction 
homogenized, alkalinized cultures with ether gave poor recoveries alkaloid, 
probably owing decomposition during the prolonged treatment found 
necessary. (Although most the alkaloid was transferred the ether after 
hours, small amounts continued extracted hours.) attempt 
reduce the extraction time first separating the alkaloid from the culture 
solids with aqueous ethanol was unsuccessful. The slow rate extraction 
must therefore due unfavorable partition coefficient for certain the 
alkaloids. 


Photometric and Fluorometric Methods 
The complete extraction alkaloid from culture solids into aqueous 
ethanol (Table offered the simplest method assay means estimating 
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the amount present such solutions could found. The absorption maxi- 
mum lysergic acid derivatives approximately 312 could not used 
since was obscured interfering substances extracts PRL 1578 con- 
taining alkaloid per culture. The alkaloids did not fluoresce 
alkaline solution but neutral acid solution those containing 9,10- 
ergolene ring gave intense activation and fluorescence maxima 320-325 
and 425-440 muy, respectively (Table and agroclavine, 
with double bond the 8,9-position, had corresponding maxima 280 
and 340 (cf. tryptophane maxima 280 and 360 my). The intensity 
absorption was higher for alkaloids derived from lysergic acid than for those 
derived from isolysergic acid, and, addition, the size the side chain sub- 
stituent had effect (see also (9)). Although these differences were less 
marked ethanolic than aqueous solution, they were sufficient cause 
error when cultures producing different alkaloids were compared. PRL 1578 
cultures showed strong activation and fluorescence maxima 320 and 445 
respectively, but estimations their alkaloid content relative 
ergometrine standard gave, expected, appreciably lower values than 
obtained procedure However, the method useful for the estimation 
single alkaloids low concentration. 


TABLE 
Fluorescence characteristics ergot alkaloids 
EtOH* 
activation, fluorescence, Relative activation, fluorescence, Relative 
mp mp intensityt mp mye intensityt 

Ergometrine 320 435 1.00 325 415 0.66 
Ergotamine 320 425 3.23 325 415 0.72 
Ergosine 320 440 3.24 325 420 0.62 
Ergocornine 320 435 3.48 330 420 0.69 
Ergocristine 320 435 3.20 325 415 0.65 
Ergocryptine 320 435 3.39 325 420 0.64 
Lysergic acid 320 435 2.16 325 420 0.82 
Penniclavine 325 440 1.85 325 425 0.85 
Ergometrinine 320 445 1.33 325 420 0.90 
Ergotaminine 320 440 6.64 325 420 1.19 
Ergosinine 320 440 6.51 325 420 
Ergocorninine 320 440 6.34 320 420 1.19 
Ergocristinine 320 445 6.40 325 420 1.13 
Ergocryptinine 320 445 6.61 325 415 1.24 
Agroclavine 280 350 14,7 285 345 4.81 
Elymoclavine 270 350 53.8 280 340 21.8 


*Solutions contain 1% (w/v) tartaric acid. 

tCalculated as uM of alkaloid per liter required to give the same intensity of fluorescence as a 1% (w/v) aqueous 
tartaric acid solution containing 1 wM ergometrine per liter. The lowest concentration at which ergometrine 
fluorescence could be measured accurately in this solvent was 0.07 uM per liter. The response to increasing con- 
centration was linear up to 6.80 uM per liter. 


Ion Exchange Method 

The amount alkaloid aqueous ethanolic culture extracts could 
measured without interference from tryptophane reacting the solution 
directly with van Urk reagent under modified conditions. optical density 
0.10 which was given 3.4 ergometrine the test solution 
required 650 tryptophane. However, interference from the pig- 
ments produced many strains Claviceps purpurea rendered the method 
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unsuitable for general use. With PRL 1578, which strong pigment pro- 
ducer, the minimum yield which could determined with +5% error 
this method was per culture. 

increase the accuracy, means fractionating the extract remove 
interfering substances was sought. Foote and co-workers (5) have reported, 
without details, method purifying ergot alkaloids using active charcoal. 
the present study was found that ergometrine was readily adsorbed but 
could not eluted without destruction. Sulphonic acid type cation exchange 
resins the hydrogen form were found adsorb the alkaloids quantitatively 
and quantitative desorption was possible from resins low cross-linkage 
when the alkaline eluting solvent contained approximately the same pro- 
portions water and ethanol that from which the alkaloid was adsorbed. 
Similar observations have recently been reported for morphine and other 
large molecules (17). Extracts prepared shaking acidified whole cultures 
with equal volume ethanol were passed through short column con- 
taining excess Dowex-50 The alkaloid was adsorbed and red 
acidic pigment present PRL 1578 cultures appeared the effluent. 
brown water-soluble pigment remained the resin and was eluted with the 
alkaloid when the column was treated with 50% ethanol containing 
ammonia. Desorption the alkaloid was complete after passage 
elutriant but normally the first 100 was collected. 

Using this method (procedure C), ergometrine added culture PRL 
1555 could recovered within +5%. With cultures PRL 1578, however, 
the brown pigment eluted with the alkaloid caused some error (Table III). 
Direct spectrophotometric estimation the alkaloids column eluates 
again failed because interference from other substances. 

The weak cation exchange resin, Amberlite prepared the hydro- 
gen form buffered 4.75, adsorbed the ergot alkaloids quantita- 
tively from slightly alkaline aqueous ethanol. The brown pigment was also 
adsorbed and neither alkaloid nor pigment was eluted washing the resin 
with dilute aqueous acid. With 50% aqueous ethanol containing either 
tartaric acid ammonia, the alkaloid was recovered quantitatively, 
but separation from the pigment was achieved. 

The pigment was found ampholytic and could adsorbed Dowex-1 
ammoniacal 50% ethanol not adsorbed this 
resin provided porous form used, but ergotamine, and presumably also 
other alkaloids containing large peptide side chain, non-ionically trapped 
partially retained. Non-ionic adsorption ergotamine also occurred 
Dowex-3 and Dowex-21K 


Conclusions 


practice was found that the most satisfactory procedure for routine 
assay cultures was modification the ether extraction method used 
extensively for estimating the alkaloid content ergot sclerotia (procedure A). 
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Since was usually not practicable carry out more than single extraction 
each dried culture, the values obtained were low and ranged between 
and 90% the true value. This order accuracy was sufficient for most 
survey work, but where necessary could improved combining successive 
ether extractions the culture solids (procedure B). The method was not 
subject error caused differences tryptophane content pigmentation 
different Claviceps strains, the same strain grown under different 
conditions, whereas such variation can lead serious error other methods 
analysis. The substances the final test solution giving color with the 
van Urk reagent were examined paper chromatographically, and, except for 
the presence minor amounts tryptamine few instances, were found 
consist entirely ergot alkaloids. 

the methods which not require initial lyophilization cultures, the 
most promising was the direct fluorometric estimation alkaloids 
aqueous ethanolic extract. The disadvantages this method are: (a) that 
changes relative composition alkaloid mixture produced the 
culture could give apparent change yield owing differences the 
intensity fluorescence different alkaloids, and those alkaloids which 
not contain 9,10-ergolene ring must measured separately wave 
lengths where common indole metabolites interfere. However, sensitive 
and selective, whereas other methods involving direct estimations the 
culture filtrate are useful only when alkaloid yields are high. Fractionation 
the culture filtrate means cation exchange resin afforded some 
improvement accuracy but again did not give reliable results very low 
alkaloid concentrations. 

evidence was found that alkaloid present state which 
cannot extracted with wet ether aqueous ethanol. Mild alkaline hydrol- 
ysis culture solids which had been thoroughly extracted these methods 
and subsequent paper chromatography the hydrolyzate failed reveal 
any trace lysergic acid. 
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IMPROVEMENTS THE TISSUE CULTURE SAFETY 
TESTING SALK 


Abstract 


Under the conditions the official Canadian test, was found that two 
simultaneous first-order reactions were competition. Thus, after hours, 
while 15% any initial live MEF1 poliovirus present was adsorbed the 
monkey kidney cells, the virus was destroyed spontaneous inacti- 
vation. When the adsorption rate was increased decreasing the volume 
fluid, was found that significantly more isolations virus were obtained. 
Utilizing the method Baron for the concentration poliovirus was found 
possible maintain low test volume without making the routine test unduly 
cumbersome. The modified test simpler and more sensitive and may used 
with undialyzed vaccines. 


Introduction 


Practical experience and theoretical considerations have shown that the 
safety Salk vaccines can best ensured the testing relatively large 
volumes vaccine tissue cultures and animals. The danger inherent 
testing small volumes and relying the extrapolation inactivation 
curves has been emphasized several authors including Cornfield al. (4) 
and Meier (10). this day, there evidence that single live virus 
particle will invariably detected tissue culture, that the monkey 
safety test may omitted without risk. apology needed for continued 
attempts increase the sensitivity tissue culture safety testing, especially 
applied undialyzed vaccines study was undertaken 
some the factors involved under the conditions the routine safety 
test. 


Materials and Methods 


Monkey kidney cortex was trypsinized the method Bodian (3). 
Suspensions approximately 400,000 cells per were made medium 
M150 (12) containing calf serum which had previously been shown 
free poliovirus antibodies and other inhibitors. Cell suspension was 
added Roux bottles quantities, and 12-ml amounts T-60 
flasks. Monolayers epithelial cells were developed during incubation 
37° for days. stock preparation MEF1 poliovirus, having 
titer tissue culture infective (50%) doses per ml, was used throughout 
this work. experiments the virus used had been treated with for- 
maldehyde until only about 0.001% the virus remained active, excess 
formaldehyde being neutralized with sodium bisulphite. The method 
plaque titration was essentially described Melnick (11), T-60 flasks 
being used instead medicine bottles. Each flask was inoculated with 0.5 
selected virus dilution which was spread over the cell layer, and then 

1Manuscript received June 19, 1959. 
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nutrient agar overlay added. From three five cell cultures were 
used for each virus dilution and plaque readings were made after days’ 
incubation Virus dilutions were chosen that usually about 
plaques were obtained per flask. the results presented 
Tables was made the additive chi-square test and use the 
tables Mainland al. (9). 

The official Canadian safety test for vaccines was performed follows. 
The old medium was decanted from grown-out cell cultures Roux 
including controls, were observed microscopically least twice weekly and 
were held for weeks. and days the fluids were replaced 100 
fresh medium, calf serum being added the medium days. 
Subcultures the and 14-day fluids were made T-60 cell cultures, 
which were observed for weeks. Each T-60 subculture received 
(10%) the fluid from two Roux cultures. The safety test undialyzed 
vaccine was identical except that the initial Roux cultures received 
ence was observed between tests dialyzed and undialyzed vaccines (14). 


Results 

Roux bottle containing 100 medium M150 7.5 was incubated 
water bath 37°C. After allowing minutes for equilibration, 
1:100 dilution stock MEF1 virus was added, giving concentration 
about plaque forming units (pfu) per ml. After thorough mixing, 
control ‘zero’ time sample was removed within minutes. This sample was 
immediately diluted 1:5 M150 and held for assay virus. Samples 
removed various times were similarly diluted. Just prior assay, all 
samples were further diluted M150 and 0.5-ml amounts the appropriate 
dilutions assayed for pfu previously described. The result the experi- 
ment presented Fig. 

will observed that the rate inactivation follows that first-order 
reaction with constant .00049 per minute. several such experiments 
values from .0003 .0005 were obtained, from which may calcu- 
lated that about the virus inactivated hours and about 80% 
days. other experiments the the medium was adjusted daily 
with correspond the the medium the presence unin- 
oculated sheet monkey kidney cells. The changes which occurred 
over 3-day period appeared have little effect the rate inactiva- 
tion. 


preliminary experiments virus was added provide concentration 
about 10‘ pfu per Roux bottle cultures monkey kidney cells incu- 
bating and 7.5. Samples were removed after various intervals 


i 
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and titrated for unadsorbed virus. Controls for inactivation 37° con- 
tained equal amount virus 100 medium without cells. was 
found that the production new virus during incubation complicated the 
picture, probably hours, certainly hours, which time 10-fold 
increase virus titer was observed. several experiments average 
25% the virus had disappeared from suspension hours. Correcting 
for the virus inactivated heat (9%), these experiments indicated ad- 
sorption hours the order 16%. was thought that the observation 
adsorption might extended beyond the hour period using heat- 
killed cells. But was found that cells killed heating for 
minutes failed show any measureable adsorption virus. 


3.5 
4 

Aix 
> 
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LOG 


HOURS 


THOUSAND MINUTES 


Fic. MEF1 poliovirus medium M150 37°C and 7.5. 
The logarithm virus plotted the ordinate represents the plaques per 0.5 multi- 
plied the dilution factor. 

Fic. Adsorption MEF1 poliovirus monkey kidney cells medium M150 
and 7.5. The logarithm the total plaque forming units added per culture 
minus the logarithm the total plaques unadsorbed plotted the ordinate. 


The direct measurement pfu adsorbed was next attempted the follow- 
ing manner. Virus was added rapidly T-60 cell cultures each containing 
M150 7.5 and 37°C. This volume corresponded 100 
per Roux bottle culture, i.e., 0.67 per sq. Immediately, and 
hourly intervals, sets three T-60 cultures were removed from the incu- 
bator, washed twice with M150 remove unadsorbed virus, and 
nutrient agar overlay added. The initial amount virus added per flask 
was determined simultaneous plaque titers the virus suspension 
used. Such direct measurements plaques adsorbed per culture are pre- 
sented Table the ‘zero’ hour samples showing plaques. 

the logarithm the initial amount virus (total pfu) divided unad- 
sorbed virus plotted against time, Fig. approximately linear relation- 
ship observed for the first 5-6 hours, after which steep change slope 
indicates the release new virus. The results show direct adsorption 
14% the virus hours, and give adsorption constant 


x 
e x 
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assuming 10° cells per ml. From this may calculated that, 
excluding secondary effects, about 93% the virus should adsorbed 
days. 

TABLE 


The adsorption MEF1 poliovirus monkey kidney cells* 


Test plaquest Test plaques 
Hours Adsorbed Unadsorbed Adsorbed Unadsorbed 


*In medium M150 at 37° C and pH 7.5. 
tAverage plaques per culture to the closest integer. 


Time Fluid Change Safety Tests 

From the preceding results one would predict that the fluid were discarded 
from safety tests days, should find little effect the number 
virus isolations obtained. The data presented Table confirm this 
prediction. test for example, T-60 cultures were each inoculated 
with about one pfu poliovirus under conditions similar those the 
routine safety tests. One day later the fluid was discarded from cultures 
and replaced with fresh medium. and days the fluid was changed 
all cultures, and subcultures were made the and 14-day fluids. The 
total number isolations obtained was 9/22 versus 15/22. This not 
significant 0.05) difference, but the combined results for the and 
2-day tests were significantly lower than for the controls, i.e., 17/42 versus 
30/42. days little virus lost discarding the original 
fluid. six the seven tests the virus used had been treated with formalde- 
hyde described earlier. 

TABLE 


The effect time fluid change the isolation virus* 


Fluid discarded Fluid changed 

Culture Ratio Ratio 
contained in: Days positive cultures Days positive cultures 
T-60 flask 9/22 15/22 
T-60 flask 8/20 15/20 
T-60 flask 21/25 21/25 
T-60 1/15 1/15 
T-60 flask 12/30 12/30 
Roux bottle 6/11 9/11 
Roux bottle 7/10 4/10 


*Partially inactivated by formaldehyde. 
virus. 
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The Effect Fluid Volume Safety Tests 

From the preceding adsorption constant, could also calculated that 
the initial fluid were reduced from per T-60 (i.e., from 0.67 
0.17 per sq. cells) then the amount virus adsorbed hours 
should increase from 58% more than 97%. Since unadsorbed virus was 
being inactivated fairly rapid rate (44% hours), such increase 
adsorption rate should lead increase the number virus isolations 
obtained the safety test. The data presented Table III show that 
increase does occur. 


TABLE III 


The effect the volume medium the isolation virus 


Test Ratio positive Average days Ratio positive Average days 
20/25 5.4 12/25 6.5 
18/25 4.8 8/25* 4.8 
10/30 5.8 3/30* 5.0 
13/25 6.1 8/25* 10.7 
5/30 7.6 2/30* 7.0 
13/25 8/25* 8.2 


*Significant at P = .001 by additive chi-square test. 


each test equal numbers T-60 cell cultures, containing respectively 
and fresh M150, were each inoculated with virus sus- 
pension containing approximately one pfu. and days the fluids 
all cultures were removed and subcultured, and replaced with fresh 
M150. 

The results obtained show highly significant advantage the 
number isolations obtained those cultures having the lower initial 
volume. With initial volumes the total number posi- 
tives obtained was 100/185 and 54/185, respectively. The lower initial 
volume also tended result earlier isolations. 


Concentration Virus 

order utilize the proved advantage lower volumes medium 
the safety test, and the same time examine 400 500 vaccine 
test reasonable proportions, obvious that method concentrating 
the virus, with essentially loss, required. Baron (2) has reported that 
95% the poliovirus present suspension may sedimented dis- 
crete pellet the presence 0.06% gelatin. 

This finding was confirmed three experiments using MEF1 virus added 
undialyzed vaccine concentration 250 pfu per 0.5 ml. Centrifu- 
gation for hours 80,000 the presence 0.06% gelatin yielded super- 
natants containing virus, while the pellets resuspended M150 accounted 
for 100% the total virus. 
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Modified Safety Test 

series tests was performed the following manner. 800 
pooled undialyzed vaccine, sufficient diluted MEF1 virus was added give 
mixture containing approximately one pfu virus per ml. After 
thorough mixing, the suspension was divided into two 400-ml amounts. 
One portion was tested the routine safety test (method previously 
Roux cultures. second portion was tested, follows, the modified 
safety test (method B). 

gelatin. After thorough mixing the solution was dispensed aseptically into 
sterile metal centrifuge cups. material was centrifuged 78,000 
for hours rotor No. the Spinco model preparative ultracentrifuge. 
The supernatants were quickly decanted and discarded, and each the 
pellets resuspended 1.5 M150, the mixtures remaining room tem- 
perature for hour with occasional stirring and gentle agitation. Fin- 
ally the mixtures were transferred sterile flask. All cups were rinsed 
twice, serially, with fresh M150 and the washes added the resuspended 
material. The resulting mixture, usually ml, was diluted with 
M150 100 and inoculated into T-60 cell cultures. After incubation 
for and days, the culture fluids were replaced with fresh M150 
and 10% the decanted fluids were subcultured into fresh cell cultures 
usual. 

The result this series comparisons presented Table IV, and 
the additive chi-square test shows highly significant 0.001) advantage 
favor the modified test; the latter yielded 96/120 isolations virus and 
the routine test 60/120. 

TABLE 
Comparison methods for isolation MEF1 virus 


Method Method 
Test Ratio positive Average days Ratio positive Average days 
4/10 8/10 6.3 
1/10 10.0 4/10 
7/10 7.6 9/10 
8/10 6.3 9/10 4.4 
4/10 6.0 9/10* 5.0 
13/20 9.0 18/20* 8.5 
17/40 8.0 33/40** 


Norte: Method A = routine test; method B = modified test. 
*Significant at P = .05 by additive chi-square test. 
**Significant at P = .001 by additive chi-square test. 


Discussion 


While the present work was progress, Youngner (16) and Lycke (8) 
reported the inactivation MEF1 virus medium 199 (13). The 
results which they obtained 37° were general agreement with those 


= 
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which have presented when using medium M150. From these observa- 
tions may calculated that the conditions obtaining for the production 
Salk vaccine are such that about 99% the virus would inactivated 
even the absence formaldehyde. 

Although several studies have been reported the adsorption polio- 
virus monkey kidney tissue culture (1, 17), none was applicable the 
greatly different conditions our routine safety tests. The production 
new virus hours after infection tissue cultures had been reported 
earlier Lwoff al. (7). 

The finding that under our routine test conditions little further 
adsorption live virus occurs after days makes possible another variation 
the test which should added value. Thus the concentrated vaccine 
may added fewer cultures and after days, additional medium added 
provide the required nutrition for the cells. Further refinements may 
also result from more detailed studies the ideal conditions for adsorption, 
achieving better compromise between the competitive effects 
adsorption and thermal inactivation. 
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EVALUATION POLIOMYELITIS ANTISERA 
PLAQUE NEUTRALIZATION TESTS! 


Abstract 


After the reproducibility poliovirus plaque titrations was estimated, the 
course specific neutralization virus antiserum 37° was investigated 
and was found logarithmic with respect time and dilution serum. 
method was adopted for titrating poliomyelitis plaque neutralizing antibodies 
under defined test conditions. The titers obtained this method were much 
more reproducible than those found other methods current use, but bore 
fairly constant relationships the average values found larger series 
titrations the latter methods. 


Introduction 


Many variations several methods (3, 11, 12) have been used 
measure the virus neutralizing titers poliomyelitis antisera. The two 
methods which have been used most frequently depend upon the measure- 
ment tissue culture unneutralized virus its ability cause cytopathic 
changes its interference with normal metabolism. Under the auspices 
the World Health Organization, several selected poliomyelitis antisera 
were sent the official control laboratories various countries where they 
were titrated for antibodies the methods current use. The results 
this co-operative study (12) showed that, for given serum, not only were 
differences titer 10- 20-fold found between laboratories, but also 
differences 8-fold were frequently encountered duplicate titrations 
within the same laboratory. When relative titers were compared, sub- 
tracting the logarithmic titers designated standards from all absolute 
logarithmic titers, the reproducibility was much improved but variations 
4-fold still occurred frequently. 

While titrating antisera obtained during the antigenic testing Salk 
vaccines, have encountered similar variations with the first the two 
methods mentioned above. Consequently was decided study the 
reproducibility plaque neutralizing titers using mixtures virus and 
antiserum identical with those our previous tests. 


Materials and Methods 


Suspensions monkey kidney cells, prepared the method Bodian 
(2), were standardized haemocytometer count contain 400,000 cells 
per medium M150 outgrowth monolayers, calf serum 
known free from poliovirus antibodies and other inhibitors was added. 
T-60 flasks were seeded with and T-30 flasks with cell suspension. 
Confluent cell sheets were obtained after incubation for days 37° 
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Reference virus suspensions, containing approximately 100 plaque forming 
units (pfu) per 0.1 ml, were prepared diluting stock viruses M150. 
The dilutions, chosen the basis preliminary titrations, were 1:64,000 
for type (Mahoney), 1:80,000 for type (MEF1), and 1:35,000 for type 
III (Saukett). One liter each virus dilution was dispensed 20-ml amounts 
stoppered test tubes and stored —26°C. fresh tube reference 
virus was thawed and mixed thoroughly for each titration against antiserum. 

Trivalent reference sera lots A-1, A-1-1/4, and A-1-1/16 were 
obtained from the National Institutes Health, Bethesda, U.S.A., and 
monovalent frozen and dried British standard poliomyelitis antisera from 
the Medical Research Council Laboratories, London, England. Each 
ampoule dried monovalent serum was reconstituted with Hanks’ 
solution (6) containing 0.01% sodium bicarbonate, thus obtaining 1:10 
dilution the reference serum. Normal monkey sera and serum STA (our 
standard) were prepared our laboratories. All sera were stored —26° 
for short periods and all further dilutions made M150 
required. 

Virus suspensions were assayed for pfu using technique essentially similar 
that described Melnick the virus M150 were chosen 
the basis preliminary titrations that about pfu were present per 
0.5 ml. The selected dilution was usually added 0.5-ml amounts cell 
cultures T-60 flasks, but occasionally 0.3-ml quantities were added cell 
cultures T-30 flasks. least three cell cultures were used for each virus 
dilution. After spreading the virus over the cell sheet, the cultures were 
generally allowed stand for about minutes 37° before the addition 
nutrient agar overlay. The overlay was added quantities ml, 
cell cultures T-60 T-30 flasks, respectively. After solidification, 
the cultures were inverted and incubated 37°C. Plaques were usually 
counted after incubation for days, but occasionally, when the cultures 
were metabolizing slowly, better readings were obtained days. 

The plaque neutralizing titers poliomyelitis antisera were obtained 
follows. The serum assayed was first diluted 10-fold steps M150 
and preliminary titration performed using only one culture for each dilution. 
the basis this result, three five selected dilutions twofold steps 
around the 50% neutralization point were chosen. The reference virus 
preparation appropriate type was added 0.5-ml amounts each 
series Pyrex test tubes mm). the control tube was added 
0.5 M150 and the other tubes equal volume the selected serum 
dilutions. After thorough mixing, all tubes were incubated for hours 
Then the tubes were removed from the water bath and M150 
immediately added all tubes. Without further dilution, 0.5-ml 
amounts each mixture was added each three six T-60 cell cultures. 
After incubation nutrient agar overlay was added the cultures 
and plaques counted after further incubation for days described 
above. 
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Results 

Variation Plaques per Culture 

study was first undertaken the variation plaques formed different 
cultures derived from the same suspefisions monkey kidney cells. For 
example, from one cell suspension T-30 and T-60 cultures were obtained. 
Type reference virus suspension was diluted 1:10 M150 and 0.3 added 
each T-30 culture 0.5 each T-60 culture. Plaques per culture 
were determined described above and the results, together with those 
two similar experiments, summarized Table 


TABLE 


Variation poliomyelitis virus plaques per culture 


Virus* type 
Virus (ml) added per culture 0.3 0.5 0.3 0.5 0.3 0.5 
Range plaques 25-37 35-54 37-81 15-39 30-56 
Average plaques per culture 29.1 43.2 59.9 26.4 41.0 
Coefficient variation 14.2 15.6 19.1 


*Reference virus suspension diluted 1:10 in medium M150. 


The data indicated that single appropriate virus inoculum one cell 
culture would general 0.05) give plaque count within 50% the 
mean value obtained with that series cultures. was decided that, 
practical compromise, average four cultures should used per virus 
dilution. 


Variation Plaques per Tissue 

During the course the present investigation, cultures were derived 
from different initial suspensions monkey kidney cells, frequent titrations 
the reference virus suspensions were performed the method previously 
described. The results consecutive titrations for each virus type are 
summarized Table II. Despite the fact that groups three six cultures 
were used per virus dilution, the variation encountered was even greater than 
that obtained with single cultures derived from one suspension cells. 


TABLE 


Consecutive titrations plaque reference viruses 


Virus type 
Range titers plaque forming units per 
0.1 50-131 52-122 36-130 
Mean titers pfu per 0.1 
Standard deviation 22.87 20.59 27.35 


Coefficient variation 26.7 
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There appears considerable variation the sensitivity cultures 
derived from different monkey kidneys. When titrating antisera, this 
variation did not matter since virus control titrations were always included 
part the test. 


The Specificity Plaque Neutralization 

The specificity the neutralization plaques antiserum was demon- 
strated the following experiment. British standard poliomyelitis antisera 
types II, and III were each diluted 1:100 Each diluted anti- 
serum was mixed with equal volume (0.5 ml) each the three types 
reference virus suspensions and incubated for hours 37°C. For 
controls 0.5 each virus suspension was mixed with equal volume 
M150 and also incubated. After hours, M150 were added 
each mixture and three aliquots (0.3 ml) each dilution titrated for 
plaques. The result this experiment, presented Table III, demonstrates 
the specificity the neutralization. Several normal monkey sera when 
diluted 1:10 M150, and titrated against the three types reference virus 
suspensions the method previously described, failed show significant 
neutralization the virus. 


TABLE III 


Specificity plaque neutralization 


Number plaques per culture* 


Serum Dilution Type virus virus Type III virus 
British standard type 1:100 41, 36, 32, 
British standard type 1:100 29, 43, 
British standard type III 1:100 31, 49, 39, 50, 


*Equal volumes of reference virus and diluted serum, or medium M150, were incubated for 3 hours at 37°C. 
Each T-30 culture of monkey kidney cells was inoculated with 0.3 ml of a 1:5 dilution of the serum-virus mixture, 
and plaques counted after incubation for 3 days at 37° C. 

Kinetics Virus Neutralization 

The effect time incubation the course plaque neutralization 
antiserum was next investigated. Equal volumes (0.5 ml) type refer- 
ence virus and 1:300 dilution M150 serum STA were mixed and incu- 
bated series test tubes. After various intervals, samples were removed 
from the water bath, diluted with four volumes M150 and assayed 
immediately for pfu. The initial virus concentration was determined 
assay mixture equal volumes M150 and virus suspension without 
serum incubation but otherwise similarly treated. Ten T-60 cell cultures 
were used for assay the initial virus and five cultures for each the other 
samples. The result this experiment presented Fig. previous 
experiments had been found that the spontaneous inactivation virus 
M150 37° was first-order reaction with constant about .0004 per 
minute, and the broken line the figure represents the neutralization cor- 
rected for thermal inactivation. 
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From the above and similar experiments with types and III virus, 
was concluded that the neutralization virus antiserum, under the above 
test conditions, was first-order reaction which persisted for least 
hours. was decided, explained later, incubate all mix- 
tures for hours 37° standard procedure. 

The effect antiserum dilution the neutralization reference virus 
suspension, under the conditions described the methods, was also investi- 
gated. typical set results for the neutralization type virus anti- 
serum lot A-1-1/4 presented Table IV. When the logi the 
initial pfu minus the the remaining pfu was plotted the ordinate 
(Fig. against milliliters serum present the 


INITIAL VIRUS 
REMAINING VIRUS 


INITIAL VIRUS 


REMAINING VIRUS 


SERUM (ML) 


Fic. The effect time the neutralization plaque forming units antiserum. 
Equal volumes plaque reference virus type and 1:300 dilution, medium M150, 
reference STA were mixed and incubated 37°C. various times samples 
were diluted with M150 and assayed for pfu. The solid line represents the values 
actually obtained, the broken line the values when corrected for thermal inactivation. 

Fic. The effect antiserum concentration the neutralization plaque forming 
units. Equal volumes plaque reference virus type and various dilutions serum 
A-1-1/4 medium M150 were mixed and incubated 37° for hours. All samples 
were then diluted M150 4°C and assayed for pfu. Three separate titrations are 
represented the graph. 
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approximately linear relationship was observed. The results three ti- 
trations the same serum are represented the graph. will obser- 
ved that the milliliters serum plotted the abscissa equivalent 
1/2D, where the serum dilution factor. 

The kinetics virus neutralization, under test conditions, can thus 
expressed the equation 


2.303 log (Kt)/D 


where represents the initial virus concentration, the concentration 
time and the serum dilution factor. The titers the various sera 
have all been expressed terms the value calculated, from the above 
equation, neutralize 50% the pfu under the test conditions adopted 
above. 


TABLE 
Neutralization type poliovirus antiserum 
Serum* T-60 cell Average number Neutralization, 

Tube dilution cultures plaques per culture 

1:128 6-8 7.0 91.6 

1:256 9-11 22.0 

1:512 12-14 41.3 50.2 

1:1024 15-17 31.0 


*Lot II A-1-1/4. Tubes B-F contained 0.5 ml of reference virus and 0.5 ml of the indicated serum dilution in 
ae oe Tube A contained 0.5 ml of virus and 0.5 ml of M150. After incubation, all mixtures were 
assayed for pfu. 


The Reproducibility Serum 

order determine the reproducibility titrations the above method 
the trivalent control serum lot A-1-1/4 was titrated eight times for each 
type antibody. The values obtained are presented Table appears 
that types and antibody titers are generally =0.05) reproducible 
within 25% and type III within 45% the mean value. 


TABLE 
Plaque neutralization titers control serum A-1-1/4 
Titer* 
Test Type Type Type III 

675 1445 1035 

1185 760 

540 1600 1000 

550 1515 600 

660 1350 890 

500 1355 1130 

500 1205 650 

660 1380 740 
Mean 576 1379 851 
Standard deviation 70.9 132.8 180.4 
Coefficient variation 9.6 


reciprocal the serum dilution calculated neutralize 50% the plaque forming units under the test 
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The data presented Tables and VII show the relationships between 
the titers obtained with the above plaque neutralization test and those ob- 
tained other tests current use. Under the test conditions adopted 
above, the values obtained were about 1.2 times high those reported 
British workers and about 4.7 times high those found American 
laboratories. However, must borne mind that, since the course 
neutralization logarithmic over long period, the absolute titers found 
will depend the test conditions selected. 


TABLE 


Titers British standard poliomyelitis antisera 


Reciprocals serum dilutions* 


Method titration Type Type Type III 
Plaque neutralization (average three tests) 745 675 770 
Roller tube test (average six 665 560 560 
Ratio (P.N. test)/(R.T. test) 1.1 1.4 


*The dilution which when added to an equal volume of the virus suspension neutralized 50% of the virus, or 


protected 50% of cultures inoculated. 
tData presented in WHO/BS/433. Sept. 1958. 


TABLE VII 
Antibody titers* control poliomyelitis sera 


Plaque Metabolict Ratio 
neutralization test inhibition test (P.N. test) 
Lot A-1 1150 4075 1585 205 680 275 5.6 6.0 5.8 
Lot A-1-1/4 575 1380 850 125 380 200 4.6 3.6 4.3 
Lot A-1-1/16 245 690 450 165 4.1 4.2 4.7 
Geometric mean 545 1570 855 115 350 175 4.7 4.5 4.9 


*Reciprocals of the serum dilutions neutralizing 50% of the plaque forming units, or protecting 50% of the 


tNational Institutes of Health, U.S.A. Memorandum to manufactures of poliomyelitis vaccine. March 
956. 


1 


Discussion 


While studying antiphage serum Andrewes and Elford (1) found that 
the presence excess antibody phage was inactivated according 
centage and that the serum-inactivated phage was not reactivated 
dilution. Dulbecco al. (3) investigating the neutralization pfu 
poliomyelitis antisera found that more than 99% the virus was neutralized 
according this first-order reaction but that “‘persistent remained 
unneutralized. the basis these results equation was derived 
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fit the complete course neutralization, but this has been criticized recently 
St. Groth al. Gard (5) has reported that 
was complete hours 37° and that under his experimental condi- 
tions the “percentage was not obeyed: but more recently McBride (7) 
has found apply his investigations. 

our studies was decided use the reaction system employed earlier 
tests, namely, 0.5 virus containing approximately 500 pfu plus 0.5 
various dilutions antiserum. The average doses virus actually found 
were 460, 480, and 420 pfu for types II, and III, respectively, one pfu 
being equivalent about 1.2 tissue culture infective (50%) doses. Since 
various workers (12) incubate poliomyelitis mixtures under 
conditions ranging from hour 20°C hours 37°C, and since 
appeared that neutralization did not proceed completion hours 
37° was arbitrarily decided incubate mixtures for hours 
least two major laboratories have previously selected this time and tem- 
perature (12). 

Using data such that presented Table IV, various methods were tried 
for calculation the dilution serum which would neutralize 50% the 
virus under the above test conditions. The most consistent results were 
obtained utilizing the equation previously mentioned. However, since 
the probable .05) estimation virus under our test conditions only 
within +25% the mean value, the estimation initial virus upon which 
all calculations are based frequently somewhat error. The most practical 
way evaluating the data was found plotting pfu the ordinate 
semilog paper against milliliters serum present the reaction mixture. 
regression line best fitting the data was then drawn, and the dilution neutra- 
lizing 50% the virus estimated, taking the intercept the ordinate the 
initial virus concentration. 

This test has already proved useful for the standardization polio- 
myelitis reference sera, and the results preliminary attempts apply 
simplified modification routine antigenic testing are most encouraging. 
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LYSIS AND PREPARATION STABLE ‘PROTOPLASTS’ 
XANTHOMONAS PHASEOLI 


Abstract 


Techniques are described for lysing cells the Gram-negative organism 
Xanthomonas phaseoli with lysozyme and with penicillin. the presence 
supporting medium ‘protoplasts’ are formed which may stabilized the 
addition magnesium ions the appropriate time. The application these 
methods the preparation cell-free extracts this organism discussed. 


Introduction 


Cell-free extracts, usually prepared sonic oscillation, are used routinely 
this laboratory the study the metabolism the bean blight organism, 
Xanthomonas phaseoli. Whereas this technique yields preparations which 
are adequate for most enzyme studies, frequently causes disruption 
coupled enzyme complexes. appeared that more gentle method 
preparation extracts were available, the structural integrity such 
enzyme complexes (e.g. the coupled system oxidative phosphorylation) 
might preserved. was hoped that lysis protoplasts prepared from 
such organisms might achieve this goal. 

This paper report various methods which cells this organism 
may lysed, and the formation ‘protoplasts’ the presence sup- 
porting medium. ‘Protoplasts’ placed here between quotation marks 
suggested Mitchell and Moyle (4), since the bodies formed described 
below are osmotically sensitive and not seem have lost all their cell 
wall material. 


Materials and Methods 


The following substances used this investigation were commercial 
preparations: K-penicillin-G, (Eli Lilly Co.); carbowax 4000 polyethylene 
glycol), (Union Carbide Chemicals Co.); versene (disodium salt ethylene- 
diamine tetraacetic acid), (Bersworth Chemical Co.); tris, (tris(hydroxy- 
methyl)aminomethane), (Sigma Chemical Co.); crystalline egg-white lyso- 
zyme, (Worthington Biochemical Corp.); and crystalline DNase (desoxyri- 
bonuclease), (Nutritional Biochemicals Corp.). 

Cultures Xanthomonas phaseoli (XP8) were grown liquid medium 
containing yeast extract and glucose previously described (1). 
Lysis was followed observing the decrease optical density cell 
suspension using Klett-Summerson colorimeter with the red filter (660 my). 


1Manuscript received June 1959. 
Contribution No. 483, from the Microbiology Research Institute, Research Branch, 


Canada Department Agriculture, Ottawa, Ontario. 


Can. Microbiol. Vol. (1959) 
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Results and Discussion 

Lysis with Penicillin 

Growth phaseoli 300-ml Bellco nephelo-culture flask containing 
culture medium was followed measuring the change optical 
density typical growth curve obtained presented Fig. 
and shows steady rise O.D. (curve penicillin was included 
the medium concentration 2760 units/ml, the growth curve was 
identical with that the control for the first hour two, but the O.D. 
dropped much lower level the third hour where remained during 
the latter part the experiment (Fig. curve 2). agar streak this 
culture made after hours showed that viable cells phaseoli remained. 
Two conditions were found essential lysis: actively growing culture 
and adequate amount penicillin. 


OPTICAL DENSITY 


3 4 5 
TIME , HOURS 


Fic. curves phaseoli yeast extract glucose medium affected 
penicillin and sucrose added zero time. Curve control; 2760 units/ml peni- 
cillin; 0.8 sucrose; 0.8 sucrose and 2760 units/ml penicillin. Cells centri- 
fuged down and resuspended water hours. 


The effect adding 0.8 sucrose culture shown curve The 
drop O.D. the presence sucrose was observed occur also 0.5 
and 0.6 sucrose and thought result from changes physical properties 
which affect light absorption. The addition sucrose slowed the growth 
rate down considerably (Table I). Even 0.5 sucrose reduced the rate 
half, although Lederberg (2) reported that the growth coli was not 
affected this concentration. The effect sucrose slowing growth 
correlated with decreased oxidation glucose whole cells (Table I). 
The presence 0.5 sucrose reduced the uptake 50%, while 0.8 
sucrose practically stopped it. Carbowax 4000 (10%) used the stabilizing 
medium also interfered with the growth rate and uptake the cells. 
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TABLE 


The effect the stabilizing medium growth and respiration phaseoli 


Stabilizer Net increase in}3 washed cells* 


None 0.178 0.110 0.168 102 
Sucrose 
Carbowax, 10%, 0.060 0.102 


*Vessel contents: phosphate buffer, pH 7.0, 70 uM; glucose, 5 4M; total volume: 3 ml; temperature: 30° C; 
KOH (center well). 


The effect adding penicillin growing culture containing 0.8 sucrose 
shown Fig. curve change O.D. parallels that the culture 
without penicillin for hours, then slowly falls below it. The formation 
‘protoplasts’ this culture was demonstrated centrifuging the cells 
down and resuspending them water. The drop O.D. approximately 
the same level that curve indicates that the cells the sucrose—peni- 
cillin culture were osmotically sensitive and burst upon resuspension 
water. 

similar effect was observed when 0.5 and 0.6 sucrose, and 10% 
carbowax were used supporting media, but their use led considerable 
difficulties obtaining stable structures. After hours culture, and 
sometimes even shorter time period, the ‘protoplasts’ already formed 
began burst. This breakage was more pronounced the lower concen- 
trations sucrose and carbowax, and was especially marked during har- 
vesting and washing the ‘protoplasts’. 

Magnesium ions and 20% sucrose were used Lederberg (2) stabilize 
‘protoplasts’ formed the action penicillin (3) 
reported that prevented lysis which was obtained the presence 
penicillin when stabilizing substance (e.g. sucrose) was used. Conse- 
quently, the effect added Mg** the action penicillin was investigated. 
Magnesium concentrations 0.0001, 0.001, 0.01, and 0.05 was added 
the cultures and the growth curves were followed for several hours. Exam- 
ination experiment Table shows that the values obtained the 
two lowest concentrations added were essentially the same those 
the penicillin-treated control. concentration 0.01 some 
inhibition lysis occurred while 0.05 was even more marked. Phase 
microscopic examination revealed that the cells the latter culture were 
converted almost entirely rounded structures (Fig. C). The photo- 
graph shows the general outline but due difficulties encountered the 
photography low light intensity some the detail which clearly visible 
the eye not shown the print. Thus, most the ‘protoplasts’ had 
clear area one side similar that drawn Lederberg (2) and many gave 
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the impression having faint ‘tail’ attached. When these structures 
were centrifuged down and resuspended water, they slowly burst give 
viscous solution. Resuspension 0.05 supported the structures 
but they were unable grow when plated out penassay base agar. 
could replaced MgSO, (Table II, experiment but NaCl, although 
delaying the drop O.D., did not prevent the eventual lysis the cells. 
apparent from these results that ‘protoplasts’ phaseoli may 
produced the presence penicillin with 0.05 the only stabi- 
lizing factor. 


TABLE 


Effect magnesium and penicillin growth phaseoli (optical density) 


Expt. Expt. 

None 0.172 0.250 0.514 0.144 0.366 0.626 
Penicillin* 0.166 0.190 0.120 0.158 0.054 0.050 

0.001 0.174 0.190 0.126 

0.01 0.178 0.230 0.174 

0.05 0.190 0.276 0.332 0.176 0.242 0.258 
Penicillin* MgSO, 

0.05 0.156 0.216 0.248 


NaCl 
0.05 0.162 0.174 0.128 


*1000 units/ml. 


Lysis with Lysozyme 

phaseoli Gram-negative organism and such (7) was found 
highly resistant the action lysozyme values close neutrality. 
Cells were harvested from the culture medium the usual way, washed 
twice with 0.9% NaCl, once with and then suspended buffered 
solution the presence lysozyme. Very little change O.D. occurred 
the course hour 5.2, 6.8 (0.033 phosphate), 8.6 (0.05 
Even 9.2 and 9.7 (0.05 9.2 (0.05 car- 
very limited lysis was observed but 10.0 (0.05 
there was marked lysis the cells (Fig. 3A, curve 
2). The buffer itself contributed some extent this drop O.D. (Fig. 
3A, curve 1). 

Repaske (5, reported that versene, tris buffer 8.0, and lysozyme 
proportions empirically determined would lyse quickly many organisms 
otherwise resistant lysozyme. This system was also effective with 
phaseoli where: versene, 300 tris, 1.6 lysozyme per 120 
cells was found give optimum lysis (Fig. 3A, curve 


PLATE 


Fic. Phase contrast photomicrographs 10% gelatin mounts phaseoli. 
normal cells, ‘protoplasts’ prepared the action lysozyme the presence 
0.8 sucrose, ‘protoplasts’ prepared the presence penicillin and 0.05 
MgCh. 
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and tris alone resulted considerable lysis (Fig. 3A, curve rate 
lysis obtained was not rapid the one reported Repaske, finding 
which prompted some experimentation the effects various methods 
washing the cells. 


DENSITY 


10 20 30 40 50 60 0 2 4 6 8 10 
TIME , MINUTES 


Fic. effect lysozyme the optical density cell suspensions phaseoli. 
Experiment Cells washed twice with saline and suspended in: 0.05 
bicarbonate buffer, 10.0 (curve 1); 0.05 buffer, 10.0, 
and 0.2 mg/ml lysozyme (curve 2); 0.03 tris buffer, 8.0, and 0.0008 versene 
(curve 3); 0.03 tris buffer, 8.0, 0.0008 versene, and lysozyme (curve 4). 
Experiment Cells washed once with distilled water and suspended 0.03 tris 
buffer 8.0: buffer alone (curve 1); buffer and ug/ml lysozyme (curve 2); buffer 
and 0.0008 versene (curve 3); buffer, ug/ml lysozyme, and 0.0008 versene (curve 
4); buffer, ug/ml lysozyme, 0.0008 versene, and 0.001 (curve 5). 


washing, washing once with tris buffer, did not affect the rate 
lysis and the curve remained essentially shown Fig. 3A, curve 
ing the cells with water immediately after centrifuging them away from the 
culture medium greatly accelerated the subsequent lysis (Fig. 3B, curve 4). 
That some the cells were lysed the water washing alone was indicated 
the appearance loose, fluffy layer over the packed cells. The amount 
this layer was observed vary from time time and seemed depend 
the age the culture, generally decreasing the age the culture 
increased. 

Lysis the cells washed with water and suspended the lysis medium 
described above was almost complete minutes, and after minutes, 
viable cells remained. Versene and tris alone caused considerable lysis 
(Fig. 3B, curve 3), but lysozyme and tris (curve tris alone (curve 
had The addition the lysing medium completely 
inhibited lysis (curve (6) concluded that versene functions 
removing inhibitory metal and the above results would seem support 
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this conclusion. When all the versene was combined with (used 
excess), lysis was inhibited completely. When the cells were washed with 
NaCl, that Nat ions were presumably freely available the suspension, 
the rate lysis decreased. 

was found that the cells could harvested, washed, and stored 
water suspension for hours necessary without loss sensitivity 
lysis the system. The age the culture, within 
the limits the 16-24 hours usually employed, did not seem affect the 
lysis rate. 

Lysis the cells the presence sucrose led the 
‘protoplasts’. Sucrose concentrations ranging from 0.1 1.0 was 
tested and the effect the sucrose concentration the rate lysis shown 
Fig. the presence sucrose the lysis rate gradually de- 
creased until 0.5 almost lysis occurred. Examination these 
suspensions under the phase microscope showed that the changing rate 
lysis could correlated with change structure the concentration 
sugar was increased. the control suspension, and the suspension 
0.1 sucrose, only few cells were visible after minutes. 
shadows, presumably the empty cell membranes, were faintly visible the 
background. From 0.2 0.5 sucrose, increasing number round 
structures appeared (similar those shown Fig. C), and the number 
shadows decreased correspondingly. 0.6 sucrose two types 
structures appeared approximately equal numbers. This mixture con- 
sisted the round structures already referred well another type 
resembling normal cells, least with respect size and shape, but which 


OPTICAL DENSITY 


TIME, MINUTES 


Fic. The effect lysozyme the optical density cells phaseoli suspended 

various concentrations sucrose. Curve control, with 0.03 tris buffer, 

ug/ml lysozyme, and 0.0008 versene; curves curve plus 0.2, 0.3, 
0.4, and 0.5-1.0 sucrose respectively. 
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were much less dense than normal cells and occasionally showed distortions. 
0.7 and above, the suspension consisted almost entirely these ab- 
normal cells (Fig. B). The lysozyme-treated cell suspensions the lower 
molarity sucrose and water became increasingly viscous standing, 
apparently owing the release desoxyribonucleic acid (DNA) from the 
burst cells. Added DNase sharply reduced the viscosity. 0.5-1.0 
sucrose this increase viscosity did not occur. When the cells were centri- 
fuged down and resuspended sucrose the O.D. returned the same level 
before, but when they were resuspended water, the O.D. slowly decreased 
low level. would appear, therefore, that these abnormal cells were 
osmotically sensitive and could termed ‘protoplasts’. 

was found further that these ‘protoplasts’ began break down they 
were left the mixture for hour more, they were 
centrifuged down and washed with sucrose solution equal molarity. 
The addition 0.001 carefully selected time (20 minutes) 
stabilized the ‘protoplasts’ that further breakage occurred, and such 
‘protoplasts’ could stored 0.6 sucrose for least week. 
Carbowax 4000 (10%) did not inhibit the action lysozyme and also sup- 
ported the ‘protoplasts’ formed. 

The method finally selected for routine preparation ‘protoplasts’ was 
follows: 150 cells (wet weight) were mixed with 0.3 1.0 tris 
buffer, 8.0, 3.0 2.0 sucrose (final molarity 0.6 M), and water 
make total volume 9.2 ml. zero time, 0.2 versene (0.004 
and 0.16 lysozyme were added the suspension. The reaction was 
allowed proceed for minutes room temperature and the ‘protoplasts’ 
formed were then stabilized the addition 0.01 1.0 
The concentration the cell suspension can increased with apparent 
effect the lysis rate the amount lysozyme increased correspondingly. 


Preparation Cell-Free Extracts 

Cell-free extracts may prepared the action the lysozyme—versene 
mixture cells suspended medium low molarity. Under these 
conditions the final extract still contains the lysing agents which may 
found undesirable for subsequent enzyme studies. This problem may 
overcome the intermediate preparation ‘protoplasts’ which, once 
stabilized described above, may washed free from the entire lysing 
medium prior use. When such ‘protoplasts’ are suspended medium 
low molarity most them burst within minutes, process which may 
accelerated simultaneous homogenization hand-homogenizer 
(glass-teflon). Extracts prepared these methods are extremely viscous 
and DNase must added before centrifugation cell fragments under- 
taken. 

Complete breakage all the ‘protoplasts’ occurs the suspension ex- 
posed sonic vibration for minute even less. Extracts obtained 
completely lack the high viscosity observed preparations obtained 
osmotic shock. 
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Extracts prepared the above techniques are capable catalyzing the 
oxidations reduced diphosphopyridine nucleotide and succinate similar 
those obtained with extracts prepared treatment intact cells directly 
with alumina the sonic oscillator. 
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PRELIMINARY STUDIES THE DISTRIBUTION 
ACTINOPHAGES SOIL! 


Abstract 


The perfusion technique was used isolate actinophages from soil. was 
demonstrated that the perfusate specific soil contained more phages for 
streptomycetes isolated from that soil than for isolates from other sources. 
Titers high perfusate were obtained. general, the greatest 
number actinophages against the majority isolates after 
hours’ perfusion. Differences daily fluctuation virus titer indicated 
degree specificity the viruses observed. Bacteriophages were not 
readily isolated from perfusates were actinophages, however, this might 
explained the basis adsorption soil since this factor appears, least 
some cases, important limiting the number phage particles the 
perfusate. 


Introduction 


Soil the natural habitat for streptomycetes and the source many 
actinophages (3); however, there appears have been little concern with 
the possible ecological importance these viruses. commenting the 
relationship bacteriophages bacterial ecology, Anderson (1) pointed out 
that phages may influence naturally occurring bacterial population the 
following ways: virulent phages may eliminate sensitive organisms and 
cause the replacement population phage-resistant mutants; temper- 
ate phages may destroy fraction the population and lysogenize the 
remainder, and lysogenization may cause specific character changes associated 
with the prophage; (c) both temperate and virulent phages may bring about 
transduction genetic properties. considering applied soil 
actinophages appeared that the first requirement was method determine 
the frequency and distribution virulent actinophages soil. 

Welsch al. (7) described method for detecting and enumerating actino- 
phages soils and manures. later studies (6) strains Streptomyces 
were studied for sensitivity phages contained bacteria-free filtrates 
liquid manure. Thirty strains were lysed and appeared that number 
different phages were responsible. Virus titers high 4.8 were obtained 
against specific strains Streptomyces. Gilmour and Buthala (3) purely 
qualitative study found that phage present soil extracts lysed Streptomyces 
strains tested. They concluded that the soils contained either wide 
diversity actinophages else few with highly polyvalent characteristics. 

The soil perfusion apparatus has had wide application studies bio- 
chemical transformations soil (2, phage can looked upon 
product microbial metabolism occurred the present authors that this 
apparatus might value studying incidence well factors influencing 
the soil actinophage This paper describes preliminary results 
the application soil perfusion techniques this purpose. 


1Manuscript received May 27, 1959. 
Contribution from the Department Microbiology, Ontario Agricultural College, Guelph, 
Canada. This investigation was part the program the Ontario Potato Scab Research 


Committee. 
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TABLE 


VOL. 1959 


Percentage Streptomyces isolates lysed actinophages three soil perfusates 
and the range and average plaque counts/ml perfusates four time intervals 


Named 
isolates isolates LSL isolates species 
Perfusate* (12) (12) (9) 
hours’ perfusion 
Range plaque count 4-146 0-86 0-148 0-174 
Range plaque count 0-248 0-28 0-24 
Range plaque count 0-18 
hours’ perfusion 
Range plaque count 0-192 0-112 
Average plaque count 358 
Range plaque count 0-160 0-32 0-38 
Range plaque count 0-44 0-60 0-528 0-218 
Average plaque count 120 
hours’ perfusion 
Range plaque count 0-760 0-118 0-102 0-288 
Average plaque count 148 
Range plaque count 0-48 0-240 0-6 0-14 
Range plaque count 0-8 0-12 0-136 
hours’ perfusion 
Range plaque count 0-5200 0-106 0-234 0-196 
Average plaque count 760 
Range plaque count 0-102 0-182 0-2 
Average plaque count 0.2 
Range plaque count 0-2 0-2 0-28 0-8 
Average plaque count 0.3 0.3 


*L, clay loam; greenhouse potting soil; LSL, light sandy 
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Procedure 


The soil perfusion apparatus described Audus (2) was used this work. 
each unit 50-g portion mesh, air-dried soil was perfused with 
200 distilled water room temperature. intervals, samples 
perfusate were removed, filtered through Millipore filter, and plated using 
double layer technique yeast-beef agar medium with spore suspensions 
Streptomyces isolates. The streptomycetes were maintained asparagine- 
dextrose agar slants and 10-day cultures were used preparing spore 
suspensions distilled water. was assumed that the virus titer the 
perfusate increased, did because the presence the soil host cells 
the right physiological state allow phage proliferation. 


Results and Discussion 


initial experiments using scabies plating host, was found that 
soil perfusates differed markedly their content viruses against this 
pathogenic organism. While perfusates one soil after days’ perfusion 
showed only few plaques per ml, another soil yielded plaques numbering 
the thousands per perfusate. This difference phage titer might 
have been due adsorption the phage the soil the case the perfusate 
having the low titer, might part reflect difference the number 
host cells the two soils. 

test the latter hypothesis, experiment was designed which from 
streptomycetes were isolated random from each three different 
types soil: highly organic greenhouse potting soil (G), light sandy 
loam low base exchange capacity (LSL), and heavier clay loam (L). 
These three soils were perfused and filtered samples each the perfusates 
were plated with each the Streptomyces isolates obtained from the three 
soils. addition, eight named species were plated with the 
three soil perfusates. Plating was carried out daily for days. 

Table shows the results platings made during the first days per- 
fusion, after which time there was decline virus numbers against most 
strains. was apparent that each soil contained more viruses for the homol- 
ogous isolates, that is, most cases, there was greater number cultures 
affected and higher titer for strains isolated from that particular soil than 
for cultures isolated from the other two soils. This relationship held true 
for each the days the experiment. interest too that soil 
(clay loam) yielded larger numbers actinophages than did the other two 
soils. 

While occasionally peaks virus numbers appeared hours 
hours, general rule all experiments carried out date the greatest 
number viruses against the majority cultures was observed hours. 


were griseus, scabies, ipomoeae, lavendulae, olivaceus, fradiae, albus, 
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Part the results typical experiment are shown Fig. marked 
difference the numbers viruses for each isolate was noted, and the daily 
fluctuation virus titer was not the same for each isolate, suggesting that 
different viruses groups viruses were active each isolate. However, 
the possibility that differences plating efficiency are responsible for some 
the observations cannot excluded. 

While this indirect evidence suggests the presence number different 
phages, experiments demonstrate multiplicity viruses have only 
recently been undertaken. preliminary experiment five viruses isolated 
different streptomycetes were tested against range Streptomyces. 
Results this host range study indicated that the five isolates represented 
only two different virus groups. Further studies are progress. 


n 


NUMBER OF PLAQUES/ML PERFUSATE (X 103) 


TIME OF PERFUSION IN DAYS 


Fic. actinophage content perfusate obtained from field soil and 
plated against unidentified Streptomyces isolates. 


number experiments, selected strains soil bacteria were used 
determine specific bacteriophages present soil perfusates. experiments 
date, surprisingly few bacterial cultures were found affected viruses 
leached from soil this way. one experiment, nine species soil 
bacteria tested, only two strains Arthrobacter showed plaques when plated 
with soil perfusate, and these extremely low titer. another exper- 
iment, eight unidentified bacterial isolates obtained from soil were plated 
with the perfusate from the same soil. Only Bacillus sp. was shown 
sensitive viruses the perfusate. the other hand, all experiments 
with Streptomyces, phages have been obtained for high percentage the 
named and unnamed cultures tested. For example, plaques were obtained 
named and unnamed species used one experiment and titers 
10* per perfusate were not unusual. Figure illustrates plaque 


formation four Streptomyces species plated with diluted perfusate from 
field soil. 
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Fic. Petri plate cultures streptomycetes showing plaques obtained from 3-day 
perfusate field soil; 0.5 1:100 dilution perfusate was plated with spore 
suspension each host. 
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One can propose several hypotheses explain the apparent difference 
content actinomycete and bacterial viruses. One explanation that 
freshly moistened soil, the actinomycetes reach state active growth much 
more readily than the bacteria. More evidence will necessary before 
this suggestion can validated. also possible that bacteriophages are 
more readily adsorbed the soil colloids than are actinophages and thus 
not appear the perfusate. Figure shows the result experiment 
with two actinophages active scabies sterilized soil which indicates 
that there are wide differences even among the actinophages their affinity 
for soil. Phage when added very low titer perfusion unit con- 
taining sterilized soil, disappeared from the perfusate day while the 
content phage remained quite stable over the 5-day duration the 
experiment. the presence host spores phage NPif reached peak 
titer hours after which the perfusate titer fell very rapidly. The titer 
phage did not reach peak until the third day perfusion and then 
remained constant. 

The extreme variability streptomycetes well known (4). The results 
reported here indicate that naturally occurring actinophages might present 
soil sufficient numbers factor the selection phage-resistant 


plus S$. scabies 


FoF in sterile soil 


LOG PLAQUES/ML PERFUSATE 


TIME PERFUSION DAYS 


Fic. Changes content two scabies phages, NPif and the perfusates 
sterilized soil the presence and absence host cells. 
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mutants having other characteristics differing from the parent. any case, 
the perfusion apparatus provides ready means studying this relationship 
the natural environment and addition, facilitates the isolation actino- 
phages from soil. 


WN 
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THE OIL WHEAT STEM RUST UREDOSPORES 


II. THE ISOLATION CIS-9,10-EPOXYOCTADECANOIC ACID, AND THE 
FATTY ACID COMPOSITION THE OIL! 


Abstract 


The fatty acids the oil from the uredospores Puccinia graminis var. tritici, 
race 15B, have been examined. acid, which has not 
previously been found natural fats, present glyceride. The fatty acids 
were analyzed gas liquid phase chromatography and the percentages are 
follows: myristic 2.9, palmitic 47.4, stearic 4.4, oleic 4.8, linoleic 3.3, linolenic 
6.3, cis-9,10-epoxyoctadecanoic acid 28.5, and small amounts lauric, penta- 
decanoic, and arachidic acids. 


Introduction 


The uredospores wheat stem rust contain about 20% oil which 
utilized considerable extent during germination (16) and further work 
(8) has confirmed that the initial metabolism the spore lipoidal type. 
The unsaponifiable material the oil has already been investigated (11) and 
this paper reports the fatty acid composition the oil. 


Materials and Methods 


Uredospores Puccinia graminis var. tritici, race 15B, were used this 
investigation. The collection the spores and extraction the oil has been 
described previous publication (11). 

Countercurrent separations were done with modified Apparatus 
Co. fractionator model 510 with 100 tubes and 20-ml capacity each phase. 

Infrared spectra were recorded with Perkin-Elmer model 
meter equipped with sodium chloride prism. Since opaque disks were 
frequently obtained when the samples were mounted potassium bromide, 
crystalline films the materials were prepared melting small quantity 
between sodium chloride plates and allowing cool (1). 

Iodine values were measured the Wijs method (14) with 0.1 sodium 
thiosulphate allowing hour for the reaction. Spectral analyses were made 
according the A.O.C.S. procedure (14) using Spectracord (Fisher Scien- 
tific Co.) recording spectrophotometer. 


Gas Liquid Phase Chromatography (GLPC) 

The apparatus used for gas liquid phase chromatography has been described 
previous publications (6, 7). 

Most the analyses for chain length were carried out with 42-in. 
1/4-in. copper column, filled with silicone grease mesh Johns Manville 
C-22 firebrick, prepared described Craig and Murty This column 
was continuous use for months prior using for the rust oil separations, 


1Manuscript received July 1959. 
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and was operated 235°C. column silicone grease Celite, 
mesh, (1:6 w/w) was prepared suspending the silicone grease volume 
ethyl acetate equal the volume the Celite, adding the Celite, and 
removing the solvent air and finally vacuum oven 50°C. The 
column was copper tubing 1/4 in. and the unit was operated 240° 
with injector 260° and flow rates per minute helium. 

The polyester column was made with succinate-1,4 butanediol acid- 
washed Celite mesh), the ratio 1:6 w/w. The copper column 
was long 1/4 in. diameter and contained packing. The unit 
was operated 215° flow rate per minute helium gas, injector 
temperature 250° bridge current 200 ma, and using 2.5 recorder. 


Preparation Methyl Esters Fatty Acids 

Method 

The oil was saponified with potassium hydroxide aqueous ethanol and 
the unsaponifiable matter was extracted with ether from the soap solution. 
The fatty acids were recovered acidification the soap solution and ex- 
traction with ethyl ether. typical saponification was follows. Twenty- 
three grams rust oil were added potassium hydroxide 100 
95% ethyl alcohol 250-ml round-bottom flask equipped with con- 
denser. The mixture was refluxed for hour, cooled room temperature, 
and diluted with equal volume water. The soap solution was trans- 
ferred separatory funnel and extracted three times with ethyl ether 
remove the unsaponifiable matter, then acidified with hydrochloric acid 
and the fatty acids extracted with three 100-ml portions ethyl ether. The 
ethereal solution was washed with distilled water remove the hydrochloric 
acid, dried over anhydrous sodium sulphate, and the ether was removed 
vacuo. fatty acids were stored under nitrogen atmosphere —40° 
until ready for use. 

The esters were prepared treating the fatty acids with ethereal 
solution diazomethane. 


Method 

The glyceride esters were converted methyl esters interesterification 
eliminate the saponification step used above which disrupted the epoxy 
structure. 

Oil (0.2 was refluxed with methanol containing sodium meth- 
oxide catalyst (0.1 sodium per liter methanol) for hours when the 
oil was almost completely solution. few drops acetic acid were added 
neutralize the catalyst and the alcohol removed under vacuum rotary 
evaporator. The residue was dissolved ethyl ether, washed with water, 
dried over sodium sulphate, and the ether removed under vacuum. 


Experimental and Results 


During the preliminary work, all which was carried out with fatty acids 
methyl esters prepared method evidence was accumulated for the 
presence unusual fatty acid. When the esters were distilled recovery 
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was always incomplete and material, which seemed hydroxy acid, 
was obtained, column chromatography the acids Celite, cellulose, 
and charcoal, addition the usual Cy, Cis, and Cis acids. GLPC 
silicone showed peaks corresponding Cis, Cis, and esters. 
Acetylation the esters with acetic anhydride and sodium acetate gave 
another peak GLPC the position ester and almost quantitative 
recovery from the column. Separation the methyl esters the polyester 
column showed peaks for Cis, stearic, oleic, linoleic, and linolenic 
acids and peak between and but peak the position. This 
behavior suggested that some sort oxygenated acid was present, which 
would expected have greater emergence time polar polyester 
column than non-polar silicone column; ricinoleate, for example, 
was found emerge from silicone column and from polyester be- 
tween and 


Separation Acids Countercurrent Distribution 

The fatty acids (11.74 were partitioned four separatory funnels be- 
tween petroleum ether, b.p. (Skellysolve and 80% methanol 
portions) (10, and the fractions analyzed GLPC with the silicone 
column. Fractions and contained most the acids and were 
combined (8.76 g); fractions and (2.94 contained the polar acids 

The polar acids were esterified with diazomethane and separated 100 
tube distribution between petroleum ether, b.p. (Skellysolve 
and 85% ethanol (20). Tubes contained brown gum (0.259 which 
did not crystallize and which was not sufficiently volatile examined 
GLPC. was not characterized further but may mixture auto- 
oxidation products. Tubes contained solid which gave, after crys- 
tallization from (b.p. methyl 
dihydroxyoctadecanoate m.p. with alcoholic 
alkali yielded threo-9,10-dihydroxyoctadecanoic acid m.p. (reported 
m.p. 95° (19)). 

Tubes 36-56 contained 0.905 liquid which showed peaks the 
and positions GLPC analysis with silicone column. 

Tubes gave 0.420 esters which showed cis epoxide peak 
825 (15, 13) infrared spectral analyses. Part this fraction was 
saponified refluxing for minutes with alcoholic potassium hydroxide. 
Water was added followed hydrochloric acid and solid acid was 
collected. After two crystallizations from acetone cis-9,10-epoxyoctadecanoic 
acid was obtained colorless leaflets, m.p. Calculated for 
72.43%; 11.48%. Found: 72.51%; 11.56%. The 
infrared spectrum had prominent cis epoxide peak 845 (15, 13) 
whereas synthetic cis-9,10-epoxyoctadecanoic acid (18) had peak 842 

Tubes contained only the acids (0.144 g). 
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The proof the structure the epoxy acids and derived acids, their 
properties and reactions, will fully reported elsewhere. The isolation 
threo-9,10-dihydroxyoctadecanoic acid suggested that the cis-9,10-epoxy- 
octadecanoic acid was the acid originally present the oil glyceride, 
the dihydroxy acid being produced during saponification. 


Behavior Synthetic Methyl cis-9,10-Epoxyoctadecanoate and Related Com- 
pounds GLPC 

nothing appeared have been reported the analysis oils containing 
epoxy acids GLPC, methyl was synthesized 
(18) and its behavior investigated. the silicone column which had been 
used for months appeared ester and the acetoxyhydroxyoctade- 
canoate, prepared refluxing the epoxy ester with acetic acid (10), appeared 
ester. Some loss resolution was experienced with this column and 
new columns were similarly prepared with silicone grease C-22 firebrick. 
Considerable decomposition occurred with both the epoxy ester and the 
derived acetoxy ester. The use Celite solid support instead C-22 
firebrick eliminated the decomposition almost entirely and did not change 
the relative emergence times. Methyl 9,10-diacetoxyoctadecanoate prepared 
acetylation methyl 9,10-dihydroxyoctadecanoate emerged the 
position. Methyl 10-, 10,9-ethoxyhydroxyoctadecanoate, which was 
prepared refluxing the epoxy acid with sulphuric acid ethanol, 
saponification, and conversion the methyl ester, behaved like ester. 
The peak given the material from tubes the countercurrent 
distribution probably due the presence this ethoxy ester which could 
have been produced during the saponification. ester giving similar 
peak was obtained refluxing the synthetic epoxy acid with 10% alcoholic 
potassium hydroxide and esterifying the product with diazomethane. 

The synthetic epoxy ester appeared ester (45 minutes emergence 
time) polyester column but the acetoxyhydroxyoctadecanoate did not 
appear after hours. 


Analysis Esters Prepared without Saponification 

esters prepared according method (the oil from another batch 
spores) were analyzed both silicone and polyester GLPC columns, 
typical results which are shown Fig. The GLPC analysis 
the esters the silicone column showed 27.1% epoxy acid along with 
the Cis, and Cig acids (Fig. After the methyl esters had been 
refluxed with glacial acetic acid for hours most the epoxide peak had 
disappeared (Fig. and appreciable acetate peak had appeared about 
the position. The analysis polyester column (Fig. 1c) the methyl 
esters showed the peak for the epoxy ester the region. Chemical 
analysis the oil King’s method (12) showed the presence 22.8% 
epoxyglyceride which corresponds 25.3% epoxy acid when the non- 
saponifiable material taken into account. 
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These reactions show that the epoxy acid the principal polar acid the 
original glyceride, and that the dihydroxy acid, which gave rise the peak 
after acetylation, and the ethoxyhydroxy acid were produced during 
saponification. Therefore, the epoxy acid content can measured GLPC 
only the esters are prepared methanolysis. 


EPOXY ESTER 


ACETOXY HYDROXY ESTER 
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Fic. GLPC analysis methyl esters fatty acids oil from uredospores 
Puccinia graminis var. tritici, race 15B. 

(a) Silicone column in. 1/4 in.; silicone grease C-22 firebrick, 1:4 w/w; tem- 
perature 235° flow rate cc/minute, recorder mv; bridge current 200 ma; sample 

(b) Same column, esters (a) but reacted with acetic acid. 

(c) Polyester column, 1/4 in. succinate-1,4 butanediol mesh acid- 
washed Celite (1:6); temperature 215° injector temp. 250° flow rate per minute 
helium; recorder 2.5 mv; sample size esters prepared method 


Determination the Total Epoxy Acid the Original Oil Hydroxy Acids 

Acids remaining after four stage distribution (7.40 were refluxed with 
glacial acetic acid (150 ml) for hours (10), the acetic acid removed the 
water pump, the residue saponified with alcoholic potassium hydroxide 
(125 ml), and the acids isolated the usual way. The product was parti- 
tioned between petroleum, b.p. and 80% methanol (200-ml portions) 
five stages; fractions and (1.30 were crystallized from acetone (20 ml) 
and gave dihydroxyoctadecanoic acid (0.99 g), m.p. 90-92°C. The 
material from tubes 36-56 the countercurrent distribution was treated 
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the same way and gave 48% dihydroxy acid. The total quantity the 
epoxy acid, and its breakdown products recovered thus, corresponds 
value 28.5% epoxyoctadecanoic acid the original 11.74 oil. 


Analysis Remaining Acids 

The non-polar acids (5.85 remaining after the extraction dihydroxy 
acid were converted methyl esters and analyzed GLPC silicone and 
polyester columns; the results, with the addition the epoxy acid, are sum- 
marized Table The percentages obtained from peak area measurement 
were good agreement with those obtained collecting and weighing the 
fractions when the silicone column was used. These results also agreed 
closely with those calculated from the polyester column except that only 
0.4% arachidic acid was found the polyester column contrast 1.6% 
the silicone column. this amount did not decrease when the oil was 
refluxed again with acetic acid, was not residual epoxy acid. Saponi- 
fication and fractional crystallization the fraction gave myristic acid, 
m.p. (reported m.p. 54.5° C), and the fraction gave palmitic 
acid, m.p. (reported 62.5-63.1°C). The polyester column 
indicated the presence very small amount palmitoleic acid but this 
was not estimated. The measured iodine value the esters was 40.8 and 
that calculated from the quantities unsaturated acids according GLPC 
results polyester column was 37.8. Ultraviolet absorption measure- 
ments the acids after alkali isomerization gave 4.5% linoleic acid and 
9.5% linolenic acid. Further evidence for the identity the acids was 
obtained analyzing the Cis fraction, collected from the silicone column, 
the polyester column when the four Cis acids given Table were found 
with the expected emergence times. The lauric, pentadecanoic, stearic, and 
arachidic acids were identified emergence time only. 


TABLE 
Lauric 0.1% 
2.9% 
Pentadecanoic 0.4% 
Palmitic 47.4% 
Stearic 4.4% 
Oleic 4.8% 
Linoleic 3.3% 
Linolenic 6.3% 
Arachidic 0.3% 
Unidentified 1.6% 
Cis-9,10-epoxyoctadecanoic acid 28.5% 


Discussion 


Cis-9,10-epoxyoctadecanoic acid has not previously been found natural 
fats. The only other epoxy acids which have been reported are 12,13-epoxy- 
octadec-9-enoic acid Vernonia anthelmintica (Willd.) (10, 3), Cepha- 
locroton cordofanus (Muell. Arg.) (4), and Hibiscus esculentus (5) seed 
oils, and cis-9,10-epoxyoctadec-12-enoic acid the seed oil Chrysanthemum 
coronarium (17). possible that pelargonaldehyde, which has been shown 
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stimulate the germination rust spores (9), produced the spore 
hydrolysis and oxidation the epoxy acid. Investigations are now being 
carried out determine the extent which the various fatty acids are used 
the spore during germination. 
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GROWTH AND CELLULOLYTIC ACTIVITY LIGNICOLOUS 
DEUTEROMYCETES FROM MARINE 


SAMUEL MEYERS AND REYNOLDS 


Abstract 


The cell-free filtrates from cultures selected deuteromycetous species, 
including representatives Piricauda, Stachybotrys, Alternaria, Culcitalna, 
Humicola, and Helicoma, isolated from wood submerged the sea, exhibited 
various intensities cellulolytic activity and Walseth 
cellulose. Cellulolytic activity was noted following growth the fungi 
intact balsa wood 0.1% yeast extract sea water broth. Individual isolates 
certain genera, especially those Helicoma, varied considerably their 
activity. However all the species grew and developed cellulolytic activity 
media made with distilled water and with sea water. The amount enzy- 
matic activity, indicated the production reducing sugars (RS), and the 
proportion glucose the fraction, varied considerably between species 
and within individual species media with different salinities. 


Introduction 


1959, Mevers and Reynolds (9) demonstrated cellulase activity six 
species marine Ascomycetes collected from wood submerged the sea. 
Prior this work, analytical determinations cellulolytic activity ligni- 
colous marine fungi had been lacking, although indirect anatomical evidence 
for enzymatic activity had been noted the earlier studies Barghoorn 
and Linder (1). 

addition colonization diverse ascomycetous flora, submerged 
wood attacked rapidly large number deuteromycetous genera and 
species (4, 11). However, little known about the physiological prop- 
erties and metabolic activities these fungi. The present study reports 
preliminary investigations representative isolates marine-occurring 
deuteromycetous species. Included partial evaluation the effect 
salinity and different concentrations certain nutrient materials enzy- 
matic activity. 


Materials and Methods 


Cultures and Growth Conditions 

The sea-inhabiting deuteromycetous organisms listed below were isolated 
from basswood and yellow pine panels submerged for weeks months 
various marine localities. parenthesis after each species noted The 
Marine Laboratory Culture Collection accession number (F), and the area 
areas collection. The species are: Piricauda arcticoceanorum Moore (F-23, 
Nanaimo, British Columbia; F-30, Argentia, Newfoundland; F-73, Halifax, 
Nova Scotia); Stachybotrys atra Corda (F-84, Providence, Rhode Island); 
Alternaria sp. (F-109, St. Andrews, New Brunswick); Culcitalna achraspora 

received June 1959. 

Contribution No. 238 from The Marine Laboratory, University Miami, Miami, Florida. 
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(F-118, Argentia, Newfoundland; F-86, Norfolk, Virginia); Humicola alopal- 
lonella (F-123, Kodiak, Alaska); Helicoma sp. (F-140, Annapolis, Maryland; 
F-142, Liverpool, Nova Scotia; F-144, Portsmouth, New Hampshire; F-147, 
St. Andrews, New Brunswick; F-150, Cape Canaveral, Florida; F-151, Halifax, 
Nova Scotia; F-155, Boston, Massachusetts). 

Taxonomic investigations these species Alternaria, Culcitalna, Humic- 
ola, and Helicoma are progress. Our studies suggest that certain the 
helicosporous isolates probably are distinct physiological strains even 
separate species. 

Stock cultures are maintained sea water medium 0.1% yeast extract 
(Difco), 1.0% glucose, and 1.5% agar. 

The fungi were grown 250-ml Erlenmeyer flasks containing 40-50 
0.1% yeast extract (Difco) sea water broth. some tests, 1.0% yeast 
extract was used. Cellulosic material used included 
cellulose powder (standard grade for chromatography) and balsa wood slips. 
The cellulose was added 1.0% concentration. The balsa wood slips 
were cut remain slanted the flasks, with the lower portion the wood 
immersed the liquid medium. 

The the 0.1% yeast extract balsa wood medium, after autoclaving, 
was while that the balsa medium with 1.0% yeast extract was 
The reducing sugars (RS) resulting from sterilization the balsa 
wood media amounted 0.038 mg/ml the 0.1% yeast extract and 0.126 
mg/ml the 1.0% yeast extract. The use 1.0% Whatman cellulose, 
instead the balsa wood, the yeast extract media did not alter the 
the final amount RS/ml. 

All cultures were incubated laboratory temperature 
intermittent, reciprocating shaker apparatus strokes/minute. 

The inocula for the various media consisted small mycelial and agar 
pieces conidial suspensions from stock cultures. Spore suspensions were 
made flooding the slant cultures with sterile water. 

The sea water was taken from Biscayne Bay, Florida, filtered through 
M-grade sintered glass funnel, and stored carboys the dark. Except 
for specific salinity studies, all media were made with natural sea water. 


Preparation for Analysis 

The following procedure was used prepare the material for the determi- 
nation its cellulolytic activity. 

(a) The liquid portion from given culture was filtered successively through 
No. and No. Selas porcelain crucible filter. The latter filter rated 
having maximum pore radius 3.0 the cultures with balsa slips, 
the entire fungal-permeated wood and broth were mixed thoroughly 
Osterizer blendor for minutes, and the liquid from this total macerated 
wood pulp sample filtered above. 

(b) Two and one-half milliliter aliquots the cell-free filtrate were placed 
50-ml test tubes with 2.5 1.0% carboxymethylcellulose (CMC) 
prepared M/15 isotonic phosphate buffer. Regular M/15 buffer was 
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used the enzymatic studies the fungi grown distilled water media. 
certain tests 0.5 the cell-free filtrate was incubated with 4.5 
the CMC substrate. Two CMC preparations, CMC and CMC 
were used concentrations 1.0% and 0.5%. Some cellulolytic deter- 
minations were made with Walseth cellulose the enzymatic substrate. 
these tests, 100-mg amounts the cellulose matetial were incubated with 
2.5 M/15 phosphate buffer and 2.5 the enzymatic filtrate. Toluene 
was added, the tubes stoppered, and the material incubated under the specific 
conditions. 

(c) The liquid from the above tubes with insoluble cellulosic material was 
filtered through No. Selas crucible filter prior analysis. All samples 
were treated identically and diluted standard volume. Tests were run 
duplicate 1-ml aliquots, and final calculations the reducing sugar 
(RS)/ml, were this basis. 

(d) Determinations were made the reducing sugars present the full 
strength fungal filtrate from each culture obtain the initial value. 


Test Conditions 

The soluble cellulose derivatives used were sodium 
cules Powder Co., Wilmington, Delaware). The latter preparation was 
used Reese (10) substrate for the determination activity 
cellulolytic filtrates. 

Cotton, treated according the method Walseth (14), swelled with 
phosphoric acid for hours, was supplied Pew, Forest Products 
Laboratory, Madison, Wisconsin. This cellulose preparation, designated 
here can almost totally digested the Rohm and 
Haas No. cellulase preparation (Pew, personal communication). 

Sorensen’s phosphate buffer made isotonic with sea water the 
addition NaCl, was used. Incubations were run 5.8-6.0 50°C. 
1-hour incubation period was used for the CMC substrate, while Walseth 
cellulose, the time incubation was hours. 

Cell-free filtrates, with toluene added preservative, were stored 
refrigerator temperature C). 


Determination Reducing Sugars and Glucose 

Reducing sugars were determined the Nelson- method (13), 
having range glucose/ml. Appropriate dilutions were 
used when the undiluted material exceeded the and glucose values the 
ranges given for the Nelson-Somogyi and Glucostat tests. Measurements 
were made with Bausch and Lomb Spectronic colorimeter, set 500 
for the former method, and 401 for the latter. Optical density readings 
were translated into milligrams from calibrated graphs, based standard 
glucose solutions. 

The activity the cell-free fungal filtrates was expressed terms total 
reducing sugars, designated RS, rather than glucose itself. has been 
noted (2) that many copper reducing compounds, other than glucose, may 
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produced the action complex fungal cellulolytic preparations 
cellulosic materials, cellulose complex such wood. the 
present tests, increase copper reduction above that initially the 
given extract filtrate interpreted indicating cellulolytic activity, and 
expressed Corrections were made for the reducing sugars 
present the CMC and cellulose powder. For example, the incubation 
100 Walseth cellulose phosphate buffer for hours gave 
0.040 RS/ml. 

Measurements the amount glucose the hydrolyzates and the 
fungal filtrates were made with the Glucostat Micromethod (Worthington 
Biochemical Corp., Freehold, New Jersey). The glucostat reagent, contain- 
ing glucose oxidase, glucose aerodehydrogenase, suitable for specific, 
rapid, quantitative determinations this sugar. 


Experimental Results 


General Growth Response and Cellulolytic Activity 

The basal sea water medium supported excellent vegetative and reproduc- 
tive development the deuteromycetous species either balsa wood slips 
powdered cellulose. Often, extensive growth was evident after 
weeks’ incubation. the balsa cultures, fungal development occurred over 
the submerged and aerial wood surfaces, with slight growth the liquid 
medium flasks with cellulose present, fungal growth was com- 
pact pellets aggregates common shake cultures. 

Tests were run with three species, Humicola alopallonella (F-123), Culcitalna 
achraspora (F-118), and Piricauda arcticoceanorum (F-73), ascertain yeast 
extract was necessary for fungal growth and enzymatic activity. Within 
days, all three species showed vigorous sporulation over the wood when yeast 
extract was present, with only slight growth and sporulation the wood 
the flasks (NA) without yeast extract (Table activity was 
noticeably greater the filtrates from the flasks containing yeast extract. 


TABLE 


Effect yeast extract the production cellulolytic enzymes fungi 
growing balsa wood 


Enzymatic activity 


CMC Walseth cellulose, 
Humicola (F-123) 
NA* 0.017 
0.170 
Piricauda arcticoceanorum (F-73) 
0.011 
0.160 0.726 
Culcitalna achraspora (F-118) 
0.015 
0.196 1.70 


*Sea water and balsa wood alone. 
tSea water — 0.1% yeast extract broth and balsa wood. 
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The amount produced the action the filtrates Walseth cellulose 
mately 70% the fraction from the latter material was found 
glucose, while arcticoceanorum, the and glucose values were nearly 
identical. 

Other cellulolytic tests with the two isolates achraspora, F-86 and 
F-118, grown 0.1% yeast extract balsa wood culture for days, yielded 
0.150 0.172 RS/ml from CMC hour 50° C). 

Further studies were made using two concentrations yeast extract, 0.1% 
and 1.0%, determine the effect increase the amount this nutrient 
cellulolytic activity. Balsa wood slips were used the cellulosic substrate. 

The use 0.1% yeast extract the medium gave appreciably greater 
cellulase yields than did the 1.0% extract (Table exception 
this response was noted the development sp. general, 
the isolates Alternaria have shown rather poor cellulolytic activity these 
and other tests. The difference between the 0.1% and 1.0% yeast 
extract filtrates harvesting does not appear sufficient magnitude 
account for the observed dissimilarities enzymatic activity. 
interesting that the the 0.1% yeast extract cultures decreased during 
growth the fungi, whereas there was increase the the 1.0% 
cultures. The effect different concentrations nutrients cellulolytic 
activity discussed later section. 


TABLE 


Effect concentrations yeast extract production cellulolytic enzymes 


Age Enzymatic activity 
yeast days pH* Substrate RS/ml/hr 


Humicola alopallonella (F-123) CMC 0.292 
0.017 


0.045 


Piricauda arcticoceanorum (F-73) 0.111 


Piricauda arcticoceanorum (F-30) 


Culcitalna achraspora (F-118) 


*The initial the 0.1% and 1.0% yeast extract balsa medium was 7.6 and 6.7 respectively. 


7.6 0.020 
0.018 
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Activity Isolates Helicoma (sensu Linder, 1944) 

Members the genus Helicoma occurred frequently wood submerged 
large number the localities studied. and Reynolds (8) observed 
that this deuteromycetous genus, along with the ascomycetous genus, 
worthia, was one the earliest fungal inhabitants wood immersed the 
sea. The widespread occurrence Helicoma natural environments, 
together with its vigorous growth culture, suggested the need for cellulo- 
lytic studies the members this genus. Selected geographic isolates were 
grown 1.0% yeast extract sea water medium containing Whatman cellu- 
lose. Excellent development occurred this medium, although differences 
cellulolytic activity the various filtrates were observed (Table III). 
The lack activity F-140 and F-150 sharp contrast the vigorous 
cellulolytic activity shown filtrates F-142 and F-151. the isolates, 
except F-144, showed reduction the amount initial during growth. 
The initial RS/ml F-144 increased from 0.060 days 0.156 
days. Testing the filtrate this isolate days revealed approxi- 
mately three times much activity was found the 34-day test the 
culture. Samples the cultures F-140 and F-150, taken aseptically 
after days’ growth, did not show cellulolytic activity. 

This dissimilar cellulolytic activity among the isolates these Helico- 
sporae may indicate strain differences, possibly, the presence distinct 
varieties species within the group examined. 


TABLE III 
Activity cellulolytic filtrates Helicoma CMC 


Age culture, 


Isolate No. days 

F-140 7.6 
F-142 
F-144 8.3 0.186 

8.0 0.056 
F-147 7.0 0.085 
F-150 
F-151 
F-155 0.130 


Effect Salinity Cellulolytic Activity 

contrast the indigenous marine genera and species Ascomycetes 
studied earlier (9), the deuteromycetous fungi discussed here belong genera 
most whose species are known terrestrial rather than marine. Hence, 
investigate the salinity-growth response selected marine-occurring 
isolates Deuteromycetes, tests were run media prepared sea water 
and distilled water. mineral salts, other than those present the 
yeast extract supplement, were added the distilled water cultures. 

All the isolates mentioned below grew equally well distilled water 
sea water agar slants, containing 1.0% glucose and 1.0% yeast extract. 
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increase the concentration the latter from 0.1% 1.0% was directly 
stimulatory vegetative growth. However, when 0.1% yeast extract was 
supplied with the 1.0% glucose, differences the extent growth certain 
species the two media became apparent. (F-123) and 
Helicoma sp. (F-151) grew well both media, achraspora (F-118) 
exhibited better growth the distilled water medium, while 
arcticoceanorum (F-73) showed more growth the sea water medium. Alter- 
naria sp. (F-109), after days’ growth, showed considerably greater develop- 
ment the distilled water medium, although after weeks, the amount 
growth was nearly equal the two media. 

Tests with these species were run liquid culture containing 0.1% yeast 
extract and balsa wood slips. The culture Stachybotrys atra was harvested 
days, while cultures the other deuteromycetous species were sampled 
after growth period days. The extent fungal growth and sporu- 
lation the wood surface, together with the relative amount softening 
the wood, distilled water (DW) and sea water (SW) media, are given 
Table this test, sp. was grown only the medium. 
Sporulation was rated arbitrary basis with the latter number 
denoting the presence reproductive structures over most the wood 
surfaces. The weakening the physical condition the wood was esti- 
mated the ease penetration inoculation needle through the wood 
surface, and cutting the section with razor blade. those instances 
where extensive deterioration the wood noted, the wood exhibited con- 
siderable discoloration and could broken easily with light pressure from 
inoculation needle. 


TABLE 


Comparison sporulation and wood degradation sea water and distilled water media 


Sporulation Wood softening 
Humicola alopallonella (F-123) Moderate Moderate 
Piricauda arcticoceanorum 
(F-73) Moderate Moderate 
Culcitalna achraspora (F-118) Moderate 
Helicoma sp. (F-151) Moderate Moderate 
Stachybotrys atra (F-84) Extensive None 
Extensive 


Alternaria sp. (F-109) 


The the different culture broths the time harvest varied from 
7.0 individual species, the the distilled water and 
sea water cultures occasionally was similar, and the most, never differed 
more than 0.1 0.6 unit. 

apparent from the data Table that differences the amount 
sporulation the fungi media contrasting salinity are exhibited 
when concentrations nutrients, i.e., 0.1% yeast extract and balsa wood, 
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are supplied. tests using agar media, containing glucose and yeast 
extract, both 1.0% concentration, failed show such striking differences 
sporulation these organisms. 

particular interest the vigorous reproduction arcticoceanorum 
and the medium, with negligible slight reproduction the 
corresponding medium. should noted that the former 
species regularly exhibited extensive sporulation wood panels, submerged 
various marine localities. Conversely, Helicoma sp., and lesser extent, 
showed excellent sporulation the medium with only 
slight amount sporulation the medium. With the exception 
atra and Alternaria sp., there evident correlation between the actual 
amount sporulation and the extent degradation the wood deter- 
mined these tests. Cultures arcticoceanorum, which exhibited notice- 
able differences sporulation the two media, showed the same relative 
extent structural weakening the wood. 

The cellulolytic activity the individual filtrates from and media 
Walseth cellulose were nearly identical alopallonella, articocean- 
orum, achraspora, and Helicoma sp. (Table V). The filtrate atra 
exhibited approximately twice much activity did the filtrate. This 
correlates with the greater physical deterioration the wood the 
cultures atra (Table IV). 

atra, the glucose content the produced the activity the 
filtrate (42%) was significantly higher than that produced the 
filtrate (15%). Conversely, alopallonella, arcticoceanorum, and Heli- 
coma sp., the per cent glucose the produced the filtrate was 


TABLE 


Comparison activity filtrates from sea water and distilled water media 


Enzymatic activity 


Walseth cellulose 


Humicola (F-123) 0.980 0.540 0.150 
0.900 0.720 
Piricauda arcticoceanorum (F-73) 1.30 0.92 0.115 
1.22 1.08 0.140 
Culcitalna achraspora (F-118) 0.510 0.260 
1.08 0.470 0.350 
Helicoma sp. (F-151) 0.480 0.110 0.050 
0.440 0.180 0.090 
Stachybotrys atra (F-84) 2.20 0.930 0.210 
1.20 0.180 0.230 
Alternaria sp. (F-109) 1.95 1.42 0.220 


*Present total fraction from Walseth cellulose. 
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higher than that the fraction produced the filtrate. 
achraspora, the fractions from the action the and filtrates 
Walseth cellulose had identical percentages glucose present. general, 
the amount glucose the hydrolyzates varied between species, consti- 
tuting from approximately 20% 90% the value. 

The production the and filtrates CMC did not vary 
appreciably within individual species. However, all these fungi exhibited 
smaller amount initial the filtrates. While the and 
filtrates atra CMC produced approximately similar amounts 
Walseth cellulose, there was twice much produced the filtrate. 
Other cultures 0.1% yeast extract sea water medium, with 
1.0% Whatman cellulose added, have shown cellulolytic activity after 
days’ growth. 


Discussion 


considerable significance that lignicolous Deuteromycetes such 
Helicoma, Culcitalna, Piricauda, and Humicola, occurring widely and 
abundantly diverse marine areas, exhibit various intensities cellulolytic 
activity well broad spectrum euryhaline tolerances artificial 
culture. However, the relationship this cellulase activity culture 
the wood degradation processes the sea requires further study. The 
inherent difficulties such evaluation have been discussed earlier 
paper (9). 

view the ubiquitous nature fungi, especially among members 
the Deuteromycetes, hardly surprising find isolates this group 
capable surviving sea water well growing artificial culture 
media different salinities. studies marine mycology progress, 
probable that various other genera, commonly considered inhabitants 
non-marine areas, eventually will isolated from brackish and littoral 
environments. course, the mere occurrence such fungi marine areas 
does not indicate that they occur naturally the sea, conversely, that 
they are adventitious halotolerant terrestrial species. Suitable criteria for 
establishing whether fungus isolated from the sea indigenous this 
environment are notably lacking. However, should clearly recognized 
that the occasional isolation fungus from wood sea water quite 
different from the usual intensive attack fresh wood panels such fungi 
indicated our studies. The widespread abundance the isolates 
Helicoma, Culcitalna, Piricauda, and Humicola suggests that these fungi 
more likely comprise autochthonous marine flora. The presence 
Stachybotrys atra, common causal agent the deterioration cellulosic 
materials terrestrial environments (12), marine locality, may 
fortuitous. However, the cellulolytic activity this species media 
various salinities itself noteworthy evidence wide range physio- 
logical tolerance. 

Since cellulase adaptive enzyme many cellulose-degradating fungi, 
the nature the growth substrate critical cellulolytic determinations. 
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While this problem has been studied intensively for certain terrestrial species 
(7), many the factors affecting the induction cellulase these marine 
fungi are unknown. Excellent vegetative and reproductive development 
our deuteromycetous isolates occurred media containing 0.1%, well 
1.0%, yeast extract. Furthermore, intact balsa wood and yeast extract 
have mutually stimulative effect growth and reproduction. The failure 
many the isolates show enhanced cellulolytic activity the 1.0% 
yeast extract medium may due the protein and carbohydrates the 
extract serving carbon sources, and thus competing with the cellulose. 
This may especially significant under conditions relatively low available 
nutritive supplies. King and Smith (5) and Hulcher (3) observed that 
inorganic cellulose medium was superior highly organic one for the 
isolation and growth cellulolytic rumen bacteria and their subsequent 
cellulolytic activity. 

The cellulolytic activities filtrates Piricauda, Culcitalna, 
and Helicoma from distilled water and sea water media were nearly identical. 
The glucose content the fraction from different species, and that from 
the same species grown distilled water and sea water media, varied con- 
siderably. ‘At present, there are insufficient data evaluate the possible 
significance these different percentages glucose present the total 
fraction relation the type cellulolytic activity and the nature the 
specific medium. possible that the activity cellulase, some 
other enzyme system well, may serve partial indicator the adjust- 
ment affinity the organism the marine environment. Furthermore, 
apparent that future studies lignicolous marine fungal populations 
must consider the variabilities the cellulolytic activity individual genera 
and species, especially terms the contribution specific organisms 
the biological complex. 


Acknowledgment 


The authors are grateful Dr. Reese, Quartermaster Research and 
Development Center, U.S. Army, Natick, Massachusetts, and Dr. 
King, Virginia Agricultural Experiment Station, Virginia Polytechnic Insti- 
tute, Blacksburg, Virginia, for their invaluable suggestions and review 
this work. Mr. Joe Levi The Marine Laboratory assisted ably the 
analytical determinations. The advice and comments numerous workers 
this field are sincerely appreciated. 


References 


and Marine fungi; their taxonomy and biology. 
Farlowia, 395-467 (1944). 

1957). 

among aerobic soil bacteria. Bacteriol. 73, (1957). 

W., Jr. Some lignicolous marine fungi from the North Carolina coast. 

Elisha Mitchell Sci. Soc. 74, (1958). 
bacteria from the rumen. Bacteriol. 70, 726-729 (1955). 


4 | 
i 
| 
4 
4 
F 


on a 


MEYERS AND REYNOLDS: MARINE FUNGI 503 


215-220 (1958). 


MANDELS, M.and Induction cellulase Trichoderma viride influenced 


carbon sources and metals. Bacteriol. 73, 269-278 (1957). 


borer attack. Science, 126, 969 (1957). 


cetes. Bull. Marine Sci. Gulf and Caribbean. 1959. 


REESE, T., Sru, H., and Levinson, The biological degradation soluble 


cellulose derivatives and its relationship the mechanism cellulose hydrolysis. 
Bacteriol. 59, 485-497 (1950). 


Research, Research Reviews, December, 6-11 (1957). 


Stu, Microbial decomposition cellulose. Reinhold Publishing Corp., New 


York. 1951. 


Notes sugar determination. Biol. Chem. 195, (1952). 
Occurrence cellulases enzyme preparations from microorganisms. 


Tappi, 35, 228-235 (1952). 


| 
| 
| 
| 
t 
4 
j 


STUDIES INHIBITORS INFLUENZA VIRUS 
HAEMAGGLUTINATION NORMAL RABBIT 
AND FERRET SERA! 


Abstract 


Inhibitors influenza virus haemagglutination were completely removed 
from normal rabbit and ferret sera purified and concentrated preparations 
influenza viruses. Influenza A-prime strains absorbed only the Chu inhibitor 
and the B/Lee virus the Francis inhibitor. The heat periodate inactivation 
the viruses did not destroy their ability combine with the inhibitor. 

The practical application these experiments the antibody absorption 
test for influenza antigenic studies discussed. 


Introduction 


Several types inhibitors influenza virus haemagglutination have been 
described normal animal sera. Two these inhibitors have received 
special attention the past. The Francis inhibitor (1, heat stable, 
more active against heated than unheated influenza viruses, sensitive 
the receptor-destroying enzyme (RDE) cholerae (3), and destroyed 
trypsin periodate The Chu inhibitor (2, thermolabile, 
active against unheated and heated influenza viruses, especially against 
freshly isolated egg-adapted strains. inactive against mouse-adapted 
lines the same strains and can destroyed trypsin, but not periodate 
RDE. 

The Francis inhibitor can inactivated influenza viruses (4, 7); the 
Chu inhibitor combines with the virus but not destroyed the 
present report serum inhibitor absorption experiments were carried out with 
purified influenza virus preparations remove both types inhibitor from 
normal rabbit and ferret sera and attempts were made determine the 
dynamics virus-inhibitor reaction. 


Materials and Methods 
Virus 
The following strains were used: A/England 1/51/E60, A/Sweden 3/50/E54, 
A/Hungary 6/54/E3, and B/Lee with unknown number passages. 
Allantoic fluids from chick embryos, inoculated days and incubated 
for further hours 35° were used. 


Sera 
Normal rabbit and ferret sera were used. ferret sera were tested for 
specific influenza antibodies virus neutralization test carried out 
1Manuscript received July 14, 1959. 
Contribution from the Virus Laboratories, Laboratory Hygiene, Department National 


Health and Welfare, Ottawa. Part the work was carried out the State Institute 
Public Health, Budapest, Hungary. 


Microbiol. Vol. (1959) 
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chorioallantoic membrane tissue the ferret sera contained any 
influenza antibody, thus previous infection the animals influenza 
viruses could excluded. 


Red Cells 
Fowl cells, collected sodium citrate and washed four times physiological 
saline, were used. The cells were all (9). 


Haemagglutination (HA) and Haemagglutination-Inhibition (HI) Test 

Takatsy’s spiral loop micro method plexiglass plates was followed (10). 
One unit was considered equivalent the amount 0.025 
that virus dilution which caused partial (50%) haemagglutination. the 
test twofold serial dilutions were made the sera (in volume 0.025 
physiological saline) with the aid spiral loop. Serum dilutions were 
mixed with equal volume virus suspension containing units 
and were kept room temperature for minutes. each mixture 0.025 
red cell suspension was added and cells were allowed settle 
room temperature for minutes. The dilution serum partially inhibiting 
the virus haemagglutination was taken the end point haemagglutination 
inhibition and titers the tables are expressed the reciprocal the initial 
dilution serum. 


Purification and Concentration Virus 

Virus was purified and concentrated Takatsy’s method (11). The 
virus present the allantoic fluid was adsorbed fowl red cells 
and eluted into physiological saline 37° for minutes. The virus 
eluate was diluted with distilled water order reduce the NaCl concentra- 
tion 0.1 0.2% and precipitate the virus particles. After centrifuga- 
tion 3000 r.p.m. for minutes the virus pellet was resuspended 1/200 
the initial volume the allantoic fluid and recentrifuged 3000 r.p.m. for 
minutes. The supernatant contained the purified and concentrated virus. 
The virus preparations were stored the presence 100 per 
penicillin and 0.1 streptomycin. 


Results 


Chu and Francis Inhibitors Normal Rabbit and Ferret Sera 

A/Engl.1/51 and A/Hung.6/54 strains were used for measuring Chu 
inhibitor, and B/Lee virus, heated for minutes, for measuring 
Francis inhibitor. The results the haemagglutination inhibition these 
unheated and heated virus strains various rabbit and ferret sera are 
shown Table Six rabbit sera and six ferret sera were taken; three 
samples each were tested individually and three others were pooled before 
the test. evident that rabbit and ferret sera contain large amounts 
Chu and Francis inhibitors. There marked difference between the 
titers sera when using unheated heated Lee virus but difference when 
using unheated heated A-prime strains. titers obtained with the 
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A/Hung.6/54 strain, passaged only three times eggs, are higher than the 
titers with the A/Engl.1/51 strain with egg passages, might have been 
expected from the observations Chu (5). 

Tests were carried out estimate the heat resistance the inhibitors. 
The results are summarized Table II. Heating the rabbit sera 56° 
for half hour did not affect the Chu inhibitor. gradual reduction 
titer occurred and 65°C and 68°C inhibitor was detectable. 
There slight decrease the Francis inhibitor 62° and 65° while the 
titer obtained 68° showed higher level than that the initial serum 
sample. the ferret sera Chu inhibitor was reduced heating the sera 
56° but 62°C, and traces inhibitor were still detected. 
The Francis inhibitor was unaffected following the heat treatment ferret 
sera. 


TABLE 


Haemagglutination inhibition active and heat-inactivated influenza viruses 
normal rabbit and ferret sera 


titer serum with: 
A/Engl.1/51 A/Hung.6/54 B/Lee 
Serum Unheated Heated* Unheated Heated Unheated Heated 


Rabbit 
No. 800 800 400 400 800 
No. 800 400 200 200 400 
No. 400 400 200 200 400 
400 400 200 200 400 
Ferret 
No. 3,200 3,200 1,600 1,600 <12 1,600 
No. 1,600 1,600 800 800 1,600 
No. 1,600 1,600 800 800 <12 800 


1,600 1,600 800 800 <12 1,600 


*Heat inactivated at 56° C for 30 minutes. 
tSera of rabbits Nos. 4, 5, and 6 were pooled. 
tSera of ferrets Nos. 4, 5, and 6 were pooled. 


TABLE 


Effect temperature the titers normal rabbit and ferret sera 


Geometric mean titers heated sera* 


Animal Virus 56° 62° 65° 68° 

Rabbit A/Engl.1/51 475 475 200 <12 
A/Hung.6/54 238 238 139 <12 
Heated B/Lee 475 475 337 279 626 

Ferret A/Engl.1/51 1,900 526 186 100 100 
A/Hung.6/54 950 238 
Heated B/Lee 1,132 1,132 1,132 


*Heated for 30 minutes. 
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Removal Nonspecific Inhibitors from Normal Rabbit and Ferret Sera 
Influenza Virus Strains 

the following experiments, attempts were made remove the Chu and 
Francis inhibitors from the normal animal sera purified preparations 
active influenza virus strains and determine how many units virus 
can completely absorb the inhibitors. Twofold serial dilutions (in volume 
0.05 ml) were made the virus preparation strain with 
spiral loop and each dilution equal volume normal rabbit ferret 
serum, diluted 1:2, was added. The mixtures were incubated 
for minutes, shaken two three times, and tested for and titers. 
The results are shown Tables III and IV. 

Increasing the amount virus reduced the Chu inhibitor but had 
effect the Francis inhibitor either rabbit ferret serum. the 
rabbit serum 4500 units virus removed the Chu inhibitors completely 
but more than 9000 units virus were required achieve the same 
virus effect the ferret serum. However, obvious from both tables that 
the Chu inhibitors can combine also with larger amounts virus, i.e., 
rabbit serum 1000 out 9000 units virus, used the test, were detect- 
able after the virus treatment the serum. Similar results were obtained 
with the A/Sweden 3/50 strain, which also removed the Chu inhibitors from 
rabbit and ferret sera without affecting the Francis inhibitor titers. 


TABLE III 


Results after removal normal rabbit serum inhibitors A/Engl.1/51 virus 


A/Engl.1/51 Remaining serum titers with: 
before after 
absorption A/Engl.1/51 A/Hung.6/54 Heated B/Lee absorption 
18,000 n.t. n.t. 

9,000 n.t. 1,000 
2,250 100 400 
1,125 400 200 400 
Nil 400 200 400 
NOTE: n.t. = not tested. 
TABLE 


Results after removal normal ferret serum inhibitors A/Engl.1/51 virus 


A/Engl.1/51 Remaining serum titers with: A/Engl.1/51 
before after 
absorption A/Engl.1/51 A/Hung.6/54 Heated B/Lee absorption 
18,000 n.t. 2,000 
4,500 800 400 1,600 
2,250 1,600 800 1,600 
1,600 800 1,600 
562 3,200 1,600 1,600 
Nil 3,200 1,600 1,600 


NOTE: n.t. = not tested. 


i 
| 


FURESZ: INFLUENZA VIRUS HAEMAGGLUTINATION 509 


another experiment absorption Chu inhibitors was carried out 
larger volume the same rabbit serum using 4500 units A/Engl.1/51 
virus. Serum samples, before and after virus treatment, were examined 
test with various influenza A-prime strains. haemagglutination 
inhibition was detected with these strains the treated serum although the 
untreated sample showed activity with each virus. This experiment 
provided additional evidence that Chu inhibitors can completely removed 
from rabbit serum any A-prime strain. 

When various amounts active Lee virus were used for the absorption 
only the Francis inhibitor titers were reduced while the Chu inhibitor titers 
were unaffected (Table V). 


TABLE 


Results after removal Francis inhibitors from normal rabbit serum B/Lee virus 


B/Lee Remaining serum titers with: B/Lee 
before after 

absorption A/Engl.1/51 A/Hung.6/54 Heated B/Lee absorption 

6,000 n.t. n.t. n.t 3,000 
3,000 n.t. n.t 1,000 
1,500 n.t. n.t. n.t 
750 400 200 100 
375 400 200 200 
187 400 200 400 
Nil 400 200 400 


NOTE: n.t. = not tested. 


Removal Normal Rabbit Serum Inhibitors Inactive Influenza Virus Strains 

Experiments were then performed find out whether inactive preparations 
the same viruses were also capable removing inhibitors from normal 
rabbit serum. Two methods were employed for the inactivation the 
viruses: (i) heating 56° for minutes, (ii) treatment with The 
periodate treatment the virus was carried out recommended Hirst (12). 
One volume virus preparation either the A/Engl.1/51 the B/Lee 
strain and one volume M/200 solution were combined, and after 
being left for minutes room temperature the mixture was treated with 
one volume glucose remove any excess reagent. These virus prep- 
arations retained their haemagglutination activity but lost their capacity 
eluted from fowl red cells. Twofold serial dilutions were prepared from 
the untreated, heated, and periodate-treated virus preparations and equal 
volume rabbit serum diluted 1:2 was added each virus dilution. The 
mixtures were incubated 37° for minutes and tested for and 
activity. For the simpler interpretation the results obtained this 
experiment, titers only those serum samples which inhibitors are 
completely almost completely reduced the various preparations are 
represented Table VI. 

Chu inhibitors were absorbed not only the active but also the inactive 
samples the A/Engl.1/51 strain. However, more the treated than the 
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TABLE 


Results after removal normal rabbit serum inhibitors either active inactive 
preparations A/Engl.1/51 and B/Lee viruses 


units 
virus Remaining serum titers with: 
used 
Virus preparation absorption Heated B/Lee 
A/Engl.1/51-u* 4,500 <12 <12 400 
12,000 <12 400 
B/Lee-u* 750 400 200 100 
B/Lee-Ht 2,000 400 200 100 
6,000 400 200 100 
Controls 
Serum physiological 
saline 400 200 400 
Serum M/400 KIO, 400 200 400 
Serum dextrose 400 200 400 
Serum M/400 KIO, 
dextrose 400 200 400 


*Virus untreated. 
tVirus heated at 56° C for 30 minutes. 
{Virus treated with M/200 KIOs for 30 minutes. 


untreated virus was required achieve the same effect. These results agree 
with those which were obtained with the active and inactive samples 
B/Lee virus and the Francis inhibitors, although neither the active nor the 
inactive Lee virus absorbed the Francis inhibitors completely from the serum. 
There was change the titers the control serum samples diluted 
with equal volume physiological saline, periodate, dextrose. 


Discussion 


The observations reported confirmed the findings other workers (1-7) 
that the normal rabbit and ferret sera contain two types (Francis and Chu) 
inhibitors influenza virus haemagglutination. With the appearance 
the Asian influenza viruses third type inhibitor has been described 
(13, 14), but the present paper deals only with the former two types. Sampaio 
(15) reported that normal rabbit sera contained mainly Chu inhibitors whereas 
ferret sera contained predominantly Francis inhibitors. Rabbit and ferret 
sera used these experiments showed high reactions both A-prime 
strains heated B/Lee virus employed viruses for measuring 
Chu and Francis inhibitor activity. The heat inactivation normal rabbit 
and ferret sera 62°C for minutes reduced considerably but did not 
destroy completely the Chu inhibitor. Therefore inactivation rabbit 
influenza antisera under those conditions unsatisfactory for removal 
this inhibitor (15). 

The application the micro absorption test, used antigenic studies 
influenza viruses (16, 17), resulted accurate method examining 
virus inhibitor reaction. Using various dilutions purified virus preparations 
the virus dose which completely removed the serum inhibitors was deter- 
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mined. obvious from the data presented that fairly large amount 
virus (4500 9000 units) was needed for the absorption Chu inhibitors, 
and that these inhibitors were capable combining with even more virus. 

The heat periodate treatment the virus for destruction its capacity 
eluted from red cells did not interfere with its ability combine with 
the inhibitor. These results give further support the view that the removal 
influenza virus inhibitors from normal animal sera due their adsorption 
the virus particles (5, 18). 

The method described this report has useful practical application. 
From results not included this paper was determined that antibody 
absorption experiments with various A-prime strains, the specific and non- 
specific haemagglutination inhibitors rabbit and ferret antisera were 
completely removed various A-prime strains. After removal the 
inhibitors, these antisera gave specific haemagglutination inhibition which 
was similar that obtained with hamster sera, known free non- 
specific inhibitors (15). 
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STUDIES ISARIA CRETACEA 


NUTRITIONAL AND MORPHOLOGICAL CHARACTERISTICS 
TWO STRAINS AND MORPHOGENESIS THE SYNNEMA! 


Abstract 


strain Isaria cretacea van Beyma was isolated from soil and from powdery 
leaves tomato plant. The white phototropic synnema referred 
indeterminate synnema because bears spores the lower portion only and 
the tip capable indeterminate growth. 

This isolate (strain (A)) can utilize ammonia, amino and nitrate nitrogen, 
and number carbohydrates and related compounds carbon sources for 
growth. Germination requires energy source but little exogenous vita- 
Vegetative growth requires exogenous biotin and the pyrimidine moiety 
thiamin. Biotin can replaced with biotin-L-sulphoxide and biocytin and 
partially with desthiobiotin, but not with homobiotin, norbiotin, aspartic acid, 
pimelic acid, oleic acid, Tween 80, various combinations them. 

Strain (A) continuously gave rise novo variant (variant strain (B)) 
which did not develop synnemata and which differed from the parent possess- 
ing higher growth rate. The two could enter into heterokaryotic state which 
suppressed sporulation and synnemata formation. 

The synnema consists three structures: terminal growing point, central 
column closely packed, sterile hyphae, and mantle hyphae. Spores are 
borne the portion mantle enveloping the lower half the column. 

Morphogenesis the synnema can divided into four phases: differen- 
tiation certain hyphae the assimilative mat into those capable developing 
into synnema, orientation the hyphae away from their origin, continued 
growth, and branching and sporulation the hyphae. The entire synnema 
remains metabolically active and may continue growing, since hours after 
injecting glucose into the agar beneath mature synnema, all 
hyphae the structure become labelled. 

Neither negative geotropism nor phototropism essential for the initiation 
synnemata formation. Synnemata formation influenced the carbon source 
but not the nitrogen source. The requirement for biotin and thiamin appears 
related the requirement for general hyphal growth. 


Introduction 


fungus (PRL 1452) which developed white, phototropic, vertical 
structure (Figs. and 18) was isolated from greenhouse soil and from 
powdery leaves tomato plant growing this was identified 
Isaria cretacea van Beyma.* Barnett (1) has provided habit sketch 
this fungus and Figs. through illustrate further its morphological char- 
acteristics. The culture member the formtype family, Stilbaceae, and 
hence the vertical structure synnema. Conventional synnemata bear 
spores terminally, and, with respect mycelial growth, are determinate. 
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The synnema cretacea, however, bears spores the lower portion only 
and the sterile tip capable indeterminate mycelial growth, and 
therefore proposed refer indeterminate synnema. 

The formation synnemata suggested the following studies. 

(a) Phototropism.—With the exception albino corn and the mold Phyco- 
myces blakesleenus rendered low free carotene treatment with di- 
phenylamine (6), phototropism has been noted only structures bearing 
noticeable amounts carotene other pigments. The synnema provides 
novel model for studying phototropism because contains little carotene. 
Characterization its phototropic response being determined but only 
preliminary data will given here. 

(b) synnema dependent upon the assimilative 
hyphae for nutrients but can readily separated from them, and therefore 
presents convenient structure for studying translocation through mycelia. 
Rapid vertical translocation using glucose has been established 
and detailed study progress. 

(c) morphogenesis and morphology indeter- 
minate synnema has not been investigated and study therefore seemed war- 
ranted. could undertaken, the nutritional requirements 
and limitations the culture had understood. This paper reports the 
results the nutritional, morphological, and morphogenic studies com- 
pleted date. 


Materials and Methods 

The Cultures 

Two strains cretacea, and heterokaryon them, were isolated 
during previous study (11) but were not described detail. The wild type, 
original culture, referred wild strain (A), the variant that was 
isolated from the wild type, strain (B), and the heterokaryon 
nuclei (B) mycelium (A), heterokaryon (AB). Strains (A) and (B) 
originated from single spores. Strain (A) was reisolated from the line 
regular intervals plating out spore suspensions high dilution because 
the spontaneous appearance variant (B). 


The Inoculum 

Strain (A) and variant (B) were maintained Waksman’s glucose broth 
(13) supplemented with agar (hereafter referred WGA). The standard 
spore suspension each was prepared follows. Spores were washed from 
slant with distilled water and separated from fragments mycelium 
filtration through Whatman No. filter paper. The suspension was centrifuged 
and the supernatant discarded. The spores were then washed three times 
with distilled water and finally suspended distilled water. The sus- 
pension was adjusted Klett reading using filter No. 64. The sus- 
pension contained approximately spores per 0.15 determined 
counting hemacytometer chamber. estimate the variation 
counts was given previously (11). fresh suspension was prepared for each 
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experiment although suspended spores remained viable for least days. 
For inoculating flasks liquid media 0.15 was used. bead suspension 
clinging L-arm needle was used for agar media. 


The Prototype Medium 

sparse synthetic medium, No. III (11), containing 1.5% glucose, 0.098% 
ammonium succinate, salts, and seven vitamins, was used effort 
favor growth over the synthesis by-products. This was not achieved, 
however, since filtrates cultures grown this medium contained organic 
nitrogen, ergosterol, mannitol, citric acid, trace red pigment, and least 
two antibiotics. ammonium salt containing metabolizable anion was 
selected attempt prevent sharp drop during growth. Whena 
solid medium was required, agar which had been washed with hot aqueous 
ethanol, ethanol, and then acetone was added concentration 1.5%. 
This procedure gave agar surface which was hydrophobic and thus con- 
fined the inoculum its point application. All glassware was washed with 
chromic acid cleaning solution and addition the culture flasks were first 
boiled Alconox detergent. 


Growth Conditions 

The cultures used determine the nutritional patterns were grown 
medium 250-ml Erlenmeyer flasks. They were incubated 
shaking machine revolving 155 Agar cultures were 
grown either Coleman Jr. spectrophotometer tubes containing 4.5 agar 
5-cm petri plates containing agar. They were incubated table- 
model incubators equipped with fans and circular fluorescent tubes giving 
maximum light intensity the agar surface level approximately ft-c. 
When light was experimental variable, petri plate cultures were first 
placed photographic developing tanks which cover slip had been sealed 
over the aperture. Dark cultures were placed similar tanks containing 
rubber stopper place the window. The dark tanks were tested for light 
leakage placing them partially masked photographic film and storing 
them the light for week. The negatives showed sign exposure. 
Each tank contained beaker water since was known that low humidity 
prevented development typical synnemata (Fig. 19). was 
studied growing cultures days Coleman Jr. spectrophotometer. 
The temperature the well did not exceed 28° 


Analysis Cultures 

Growth and nutrient utilization were measured described previously 
except that when growth was heavy 10-ml aliquots were taken estimate 
dry weight. Such aliquots were homogeneous the replicas (Table 
Growth reported the arithmetic mean and standard error three repli- 
cates. The approximate 95% confidence interval can obtained multi- 
plying each standard error 4.3 for degrees freedom). The nitrogen 
content the mycelium was determined Kjeldahl analysis. Other pro- 
cedures were described previously (11, 12). 
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TABLE 


Evidence that uniform aliquots can taken from shaken cultures 
(mg dry mycelium/flask based 10-ml sampling—strain (A)) 


Replica flask 
10-ml sample, 


number 
187.00 178.64 
186.56 195.36 
181.28 
572.00 555.28 


Note: Analysis: Variation between flasks not significant (P > .05); variation 
within replicas not significant (P > .05). 


Analysis Results 
Where advantageous, the data were analyzed statistically described 


previously (11). 


Results 
Culture Characteristics 


Wild Strain (A) 

When grown medium No. III, strain (A) produces sparse, white, rami- 
fying aerial hyphae which bear numerous heads wet spores (Fig. 11) and 
white, phototropic synnemata. The underside the colony free pig- 
ment and appears white. The hyaline, unicellular spore borne phialide 
which usually terminates pronounced sterigma (Fig. 12). When suspended 
physiological saline and examined immediately, the spores can divided 
into three classes: obovate globose and oblong 
The manner which the spore develops from the sterigma not known, 
but appears that more than one spore attached the sterigma (Fig. 12) 
and this suggests that spore formation not the Cephalosporium type. 

When grown complex, organic agar medium (WGA), the colony 
differed only possessing thick mat white, ramifying, aerial hyphae 
addition the synnema. The morphology the synnema will discussed 
under separate heading. 


Variant Strain (B) 

When grown either No. III WGA agar media, variant (B) produces 
opaque, smooth, flat mat white aerial hyphae which bear conidiophores 
and spores identical with those strain (A), although fewer numbers. 
Synnema have never been observed. The underside the colony yellow. 
Colonies grown No. agar but started with plug from colony grown 
agar instead from spores differ strikingly from those described above 
and from colonies strain (A) grown under comparable conditions. moist, 
yellow-green, thick mat develops which bears small patch white, dry 
aerial hyphae near the center the colony. The aerial hyphae all colonies 
(B) grown WGA agar eventually collapse, leaving moist mat. 
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This strain was first detected when was observed that years sub- 
culturing strain (A) led the formation colonies bearing smooth mounds 
aerial hyphae rather than synnemata. Spores from such colony were 
plated out high dilution, and 30% 2400 colonies did not develop synne- 
mata. These colonies were two types. One produced smooth, flat colonies 
and yellow pigment the underside the colony, and was subsequently 
designated variant strain (B) (Fig. 17). The second produced smooth mounds 
aerial hyphae which bore few spores, and was later found hetero- 
karyon (AB) (Fig. Sectors (B) appear the margin colonies the 
parent strain (A) (Fig. 15). fresh isolate strain (A) does not contain the 
variant (Fig. (B) does not readily sector (Fig. Repeated 
tests strain (A) have shown that after several serial transfers the variant, 
one resembling it, appears while freshly isolated strain (A) does not contain 
the variant. These data suggest that the variant(s) arises novo from strain 
(A). The variant (B) probably not cytoplasmic variant (5) because the 
wild type has never reappeared. The fact that the variant does not develop 
synnemata and capable faster growth variety substrates suggests 
fundamental difference from the parent, and would seem probable that 
mutant strain (A). Owing the lack genetic data, however, this 
possibility cannot tested, and referred merely variant (B). 


Heterokaryon (AB) 

When grown No. III agar, heterokaryon (AB) produces opaque, 
smooth, mounded mat sterile, white, aerial hyphae. The underside pale 
yellow. 

This heterokaryon was referred previously (11) but its existence and 
ready formation were not proved synthesis. was necessary determine 
whether heterokaryons could readily form, because the possibility that the 
heterokaryon might arise from cultures strain (A) through hyphal fusion 
with the spontaneously arising variant. The heterokaryotic state nuclei 
variant (B) mycelia strain (A) was confirmed the test shown 
Fig. Colonies the two strains were grown adjacent one another and 
hours after the leading hyphae the margins had intermingled, plugs 
the colonies were transferred fresh No. agar. Plugs taken from the far 
side each colony developed into colonies typical each strain. The colony 
variant (B) consisted wet, vegetative mat and was yellow-green. The 
colony (A) possessed synnemata. The colony designated (B) resembled 
(B) except that white, aerial hyphae were present the center each colony. 
Although this would appear heterokaryon, its identity has not been 
established. Plugs removed from the area strain (A) adjacent the variant 
produced colonies which did not resemble either the parent strain (A) the 
variant. These colonies (AB) possessed abundant white, ramifying, aerial 
hyphae the form mound and did not bear synnemata. The aerial 
hyphae bore few spores and the underside the colony was pale yellow. 
The underside the colonies (A) was colorless. Three colonies identified 
(AB) were homogenized Waring blendor and plated high dilution. 
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Plugs of colonies 
transferred to agar 


COLONIES 


IDENTIFIED (BA) (AB) (A) 
Cultures homogenized and 
plated onto agar 
COLONIES 
IDENTIFIED AS: (B) (B)+(AB)+(A) (A) 
Homogenized and single fragments 
picked up using microscope 
to 
COLONIES 
IDENTIFIED (AB) (A) sector 
ultures homogenized and 
plated onto agar 
COLONIES 
IDENTIFIED (A) (B) (A) (B) 
Plugs of colonies 
transferred to agar 
COLONIES 
IDENTIFIED AS: (A) (B)+(A 


Fic. Diagram the experiment used demonstrate the ability strain (A) and 
variant (B) form heterokaryon. See text for details. 


One colony each (A) and (B) was treated similarly serve controls. 
Three colony types developed from the platings (AB). They were identi- 
fied (A), (B), and (AB). determine whether the two nuclear types were 
actually present one mycelium, one the (AB) colonies was homogenized, 
diluted, and portions spread out agar plates. Single fragments were picked 
with drawn-out glass tubing using microscope with magnification. 
Six transplants grew out the experiment diagrammed Fig. Five 
these resembled the (AB) type referred above. The remaining one 
developed marginal sector which produced small synnema. One the 
typical (AB) colonies and the sectoring one were homogenized and diluted. 
The dilutions were plated out and the appearance the colonies that developed 
was noted. Approximately 80% the colonies resembled strain (A) and plugs 
them produced strain (A) transfer fresh medium. The remainder the 
colonies resembled variant (B) but when plugs were transferred fresh 
medium two colony types developed, (B) and (AB), indicating that some 
strain (A) must have been present. 

Recovery the two strains from single fragments mycelium taken 
evidence that the heterokaryon had been synthesized. The heterokaryotic 
state could interfere with studies morphogenesis the synnema since 
would suppress synnemata formation. 


Nutrition Strains (A) and (B) 

Vitamin Requirements 

requirement for exogenous vitamins was determined omitting one 
one each the seven vitamins medium No. III. Both strains required 
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TABLE 


Effect vitamins growth 
days, strain (A)) 


Vitamin omitted mycelium/flask 
None 6.6 
All 1.2+0.8 6.7 
Biotin 6.6 
Thiamin 0.7+0.2 6.4 
Nicotinamide 119.0+0.6 6.6 
Pyridoxine 117.0+7.9 6.8 
Pantothenate 121.0+5.6 6.7 
p-Aminobenzoic acid 6.7 
121.7+6.9 6.6 


Note: Analysis: Omission of nicotinamide, pyridoxine, panthothenate, para- 
aminobenzoic acid, or i-inositol did not decrease growth rate. 


THIAMINE LITER 


50 


e 


30 


9° 


mg ORY MYCELIUM / FLASK 
n 


° 2 4 6 8 10 2 
BIOTIN/ LITER 


Fic. between growth strain (A) and concentration biotin and 
free thiamin. Thiamin was tested the presence biotin, and biotin the 
presence liter thiamin. The above data represent cultures grown days. 


exogenous source biotin and thiamin. The data for strain (A) are given 
Table The optimal concentrations biotin and thiamin for the medium 
are approximately and respectively (Fig. 2). 

The biotin vitamers, biotin-L-sulphoxide and biocytin, could replace biotin, 
and desthiobiotin could partially replace biotin (Tables III and IV). Biotin 
could not replaced with homobiotin, norbiotin, oleic acid, aspartic acid, 
pimelic acid, Tween 80, Tween plus aspartic acid, Tween plus oleic 
acid (Table and homobiotin did not antagonize biotin utiliza- 
tion under the conditions used. 
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TABLE III 


Effectiveness biotin vitamers replacing biotin* 
(10 days, strain (A)) 


dry mycelium Final growth 
Supplement* /flask biotin 

None 5.9 
Biotin 100 
Biocytin 
Biotin L-sulphoxide 5.8 
Homobiotin 5.9 
Biotin homobiotin 112.6+1.9 
(Biotin) homobiotin 126.8+6.8 5.6 
Biotin norbiotin 136.5+10.8 100 

*2.95 X1079 M. 

X10-9 M. 

TABLE 


Maximum growth attained biotin, biocytin, and desthiobiotin 
(strain (A)) 


Molarity dry mycelium Days 
Treatment /flask required 
Biocytin 2.05 150.9+0.8 
Desthiobiotin 8.20 32.0+0.5 


Mixture. 
+Growth was not restricted because of the resulting rise in pH, since no further growth occurred when these 
static cultures were adjusted to pH 6.5 with phosphate buffer. 


TABLE 


Evidence that certain biotin sparing substances are inactive toward Jsaria cretacea 
days, strain (A)) 


Supplement* dry weight/flask culture 
None 1.8+0.4 
Biotin 113.9+4.3 
Biotin oleate 111.9+4.4 
Biotin aspartate 110.5+15.8 6.2 
Biotin pimelate 120.8+4.5 6.1 
Oleatet 4.6+0.5 6.0 
Aspartate 6.0 
Pimelate 6.0 
Tween 6.0 
Tween aspartate 6.1 
Tween oleate 6.0 


Note: All supplements were sterilized by filtration through a sintered glass filter. 
Analysis: (a) Growth on biotin and biotin + the supplements was equivalent (P > .05). 
i Se absence of biotin and in presence of the supplements (last 6 treatments) was equivalent 

*Biotin was added at a concentration of 2.95 X10-® M; oleate and Tween 80, 80 mg/liter each; and aspartate and 
pimelate, 100 mg/liter each. 

+Gas-liquid phase chromatography conducted by Dr. B. M. Craig of this laboratory showed this lot to be con- 
taminated with myristic, myristoleic, palmitic, palmitoleic, stearic, linoleic, and linolenic acids. 
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TABLE 


Evidence that exogenous thiamin can replaced the pyrimidine moiety 
days, strain (A)) 


Supplement* dry mycelium/flask 
None 5.9 
Thiamin 81.2+3.0 6.7 
Pyrimidine moiety 85.8+2.2 6.7 
Thiazole 5.4 
Pyrimidine thiazole 6.8 
Thiamin neopyrithiamine 79.9+3.9 6.8 
Thiamin 1/2n(neopyrithiamine) 83.9+3.7 6.5 
1/2n(thiamin) neopyrithiamine 6.6 


Note: Analysis: Growth on thiamin, pyrimidine moiety, combination of the two moieties, and on thiamin + 
neopyrithiamine were equivalent. 

*Thiamin, pyrimidine moiety, thiazole moiety, and neopyrithiamine added concentration 2.68 

10th day there was dry 


Thiamin could replaced with its pyrimidine moiety, and growth was 
not inhibited the presence neopyrithiamine (Table VI) which con- 
sistent with the idea that neopyrithiamine antagonizes only those cells requir- 
ing intact thiamin (2). 

The above experiments were done with shaken cultures started with spore 
inocula and hence was not possible determine whether the requirements 
pertained spores spores and mycelium. The effect biotin and 
thiamin spore germination was examined using agar and liquid media 
(Table VII). Interpretation the results was made difficult the fact that 
all the spores did not germinate. previous comparison spore count and 
viability count indicated that most not all spores can germinate, given time. 
Approximately 12% the spores germinated medium No. III without biotin 
and thiamin. The percentage that germinated was increased slightly 
addition either biotin thiamin and somewhat more addition both 
vitamins. Development the germ tube into primary hyphae requires 
biotin but not thiamin (Table VII). These data suggest that least biotin 
required for germination but that the spores contain some biotin. Develop- 
ment primary hyphae into continuously growing hyphae requires both 
biotin and thiamin. 


Utilization Carbon Sources 

The previous study comparative growth the two strains glucose 
(11) indicated that the parent strain grew more rapidly. more detailed 
study was made and revealed that while the above relationship held for 
most the growth period, during the early phase the variant actually grew 
more rapidly (Figs. and 4). 

The difference the course growth the two strains was attributed 
the following events. Spores variant (B) are the first germinate (Table 
Ammonia nitrogen rapidly taken up, and glucose but not succinic 
acid used the carbon source (paper chromatography showed 5-day-old 
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mgm ORY FLASK 


ORY WT / FLASK 


DAYS 


Fic. Comparative growth strain (A) and variant (B). 


MYCELIUM 


(A) 
27 (8) ORGANIC N mgm/500 mi 


ORGANIC N mgm/500 mi 


(8) mgm GLUCOSE /mi 


mgm GLUCOSE /mi 
/ 


(A),(8) 
NON REDUCING SUGAR 


Fic. Comparative utilization glucose and secretion organic nitrogen strain 
(A) variant (B). The upper portion reports the Kjeldahl nitrogen present their 
mycelia. 
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filtrates (B) but not (A) contain residual succinic acid). The rapid uptake 
ammonia together with the presence succinic acid caused the drop 
inhibitory level and growth ceased. 

Strain (A), the other hand, grew slower rate and consumed both 
glucose and succinic acid. The economic coefficient, mycelium 100)/g 
glucose used (2), for strain (A) was during the early phase indicating 
that glucose was not being consumed and that succinic acid was the carbon 
source used. The economic coefficient variant (B) was 35% which typical 
fungi (2). Strain (A) attained more growth per unit ammonia nitrogen 
taken before the dropped inhibitory level. When inhibited 
cultures both strains were buffered with calcium carbonate, growth resumed 
the expense residual glucose (Fig. and organic nitrogen previously 
released into the medium (Fig. 4). This nitrogen was present protein 
peptide and amino acids including valine, leucine, lysine, and glutamic acid. 

Both strains utilized succinic acid when constituted the sole carbon source 
and the variant grew more rapidly. 

comparison the utilization other carbon sources (Table VIII) showed 
that the parent and variant differed strikingly glucose only and this 
difference attributed the changes mentioned above. 


Utilization Nitrogen Sources 

quantitative comparison the utilization amino, ammonia, and 
nitrate nitrogen was made using mannose the carbon source (Table 
The two strains did not differ qualitatively but the variant grew more 
rapidly. Growth various amino acids was determined using agar media 
(Table XIII). Both strains grew asparagine, glutamic acid, valine, glycine, 
and tryptophane. 


Effect Temperature Growth 

Inoculated slants WGA agar and No. III agar were incubated various 
temperatures and relative growth and synnemata formation noted (Table X). 
Both strains grew from approximately 10° 35° with the optimum tempera- 
ture lying nearer 28° than 24° 30°. Growth regularly occurred 35° when 
the cultures were started with vegetative inocula and only occasionally 
when started with spore inocula, indicating that the spores, germinated 
spores, were more sensitive elevated temperatures than mycelia. 


Morphology the Synnema 

The structure the synnema was examined determine whether was 
organized structure merely aggregation aerial hyphae. Whole 
mounts and 10- and cross and longitudinal sections were studied. Synne- 
mata were fixed FAA‘ and embedded paraffin using standard procedures. 
The sections were stained with light green and examined under oil against 
red filter, with dry phase lens and daylight blue filter. 

The fully developed synnema organized structure and made 
three parts: apical growing point (Figs. and 14), central column 


acetic acid, ethanol fixing solution. 
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tightly packed, parallel, sterile hyphae, and mantle enveloping the central 
column and originating from through branching the peripheral members. 


Growing Point 

The growing point (Figs. and 14) can identified with the unaided eye. 
The hyphae are 2.5 diameter and tubular and in. these respects resemble 
the ramifying aerial hyphae the colony. The growing point interpreted 
consist the terminal portion the column that unbranched. The 
continuity the growing point depends least part surface forces. 
When the growing point encounters firm, dry surface, subsequent growth 
takes place along several axes producing effect. Synnemata more 
than centimeter tall occasionally form new lateral growing points (Fig. 25) 
which originate from the central column. These ordinarily never become large, 
but the parent synnema falls over, these lateral, secondary synnemata then 
grow. 


The Column 

The column made tightly packed usually unbranched hyphae. 
The column hyphae not bear spores. The cells these hyphae vary 
length but many long have been observed and none shorter than 
has been seen. Cross sections (Figs. and 21) reveal that the column 
hyphae vary diameter from 2.5 wand are angular rather than tubular. 
The angular shape may due pressure resulting from growth. Cross 
sections column hyphae near the growing point not reveal distinctly 


angular cells. The lateral branches that make the mantle arise from the 
peripheral members the column, thus two layers exist. Since synnema, 
including the column, increases slightly diameter becomes taller, 
additional branching must take place within the column, however. 


The Mantle 

The mantle consists the lateral branches from the outside hyphae the 
column and subsequent branches (Figs. 20, 21, and 22). The primary branch, 
branch the column hypha, approximately the same diameter 
the hyphae the column but subsequent branches become progressively 
smaller until the surface branchlets are about diameter. When observed 
section (Figs. and 22), there are few free ends these-surface branch- 
lets but this may artifact due embedding and cutting, may 
that the hyphal tips fuse form network. The length mantle cell most 
frequently recorded was approximately 10-12 long but considerable vari- 
ation exists. The primary branches are oriented upward (Fig. 22). 

Synnemata from 2.5 tall were examined determine the pro- 
portion the structure occupied spores. Approximately 50% 
the synnema fertile, the exact amount varying with the individual. Occas- 
ionally few spores are observed the upper half but they represent isolated 
examples. The spores are borne on, and dispersed throughout, the fertile 
portion the mantle. 


= 
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Morphogenesis the Synnema 

The course development was followed using cultures grown agar 
plates and also slide cultures described Riddell (9) except that the slide 
cultures were examined the living state. 

Germination the spores and subsequent growth leads the formation 
assimilative mat from which ramifying, sporulating hyphae rapidly 
develop. Several days after the aerial hyphae have formed, small discrete 
tufts relatively unbranched hyphae rise from the vegetative mat and grow 
through the layer ramifying aerial hyphae. isolated tuft from slide 
culture shown Fig. 23. The overlying aerial hyphae are not noticeable 
this photograph. Thus, the synnema has specific origin and not con- 
sequence the continued growth intertwined conventional aerial hyphae. 
The tuft continues grow (Fig. 24) and then some central hyphae dominate 
and continue grow while the remainder cease growing. The growing point 
formed, and eventually the central column and mantle become distinct 
(Fig. 25). 

was noted that under the conditions used, each young synnema bore 
drop water exudate (Fig. 13). suggested that transpiration stream 
might involved synnema development and this led the studies 
humidity and translocation mentioned later. 

The development the synnema can therefore divided into least 
four phases: differentiation certain assimilative mat hyphae into those 
destined become synnemata tufts; orientation these away from their 
origin; continued growth; and branching and sporulation. Although growth 
takes place primarily the apical growing point and secondarily through 
branching peripheral members the column just below the growing point, 
the entire synnema remains metabolically active since spore formation takes 
place the base, and the entire synnema becomes radioactive within hours 
injecting glucose into the agar beneath colony. only the 
growing point was active, then the older portion the mantle should not 
readily receive fresh nutrients. Further, although synnema uniform 
thickness, increases thickness slightly increases height. 


Factors Influencing Morphogenesis Strain (A) 

The ultimate objective this study was explain fully possible the 
morphogenesis the synnema. The first step toward this objective consisted 
determining some factors essential for synnemata development. Since 
nutrition appeared involved (Fig. 7), was tested together with certain 
environmental factors. The two strains were compared where possible. 


Temperature 

Synnemata developed under slightly narrower temperature range than 
general colony growth (Table X). This restriction appears associated 
more with synnemata initiation than with elongation since preformed synne- 
mata continue grow when the temperature was reduced 10° while 
cultures started 10° did not develop synnemata days. 


4 
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Vitamins 

Although has been claimed that vitamins are not specifically required 
for morphogenesis fruiting structure (2), others (4, have shown some 
the vitamins exert least specific quantitative effect. The thiazole 
moiety thiamin required for elongation the giant sporangiophore 
Pilobolus (8) and thiamin required for development perithecia 
Melanospora destruens and Ceratostomella fimbriata (see ref. 4). Perithecium 
formation Sordaria fimicola requires more biotin than essential for 
mycelial growth (7). 

The effect the unessential vitamins medium No. III synnemata 
formation was determined omitting them one one from the agar medium. 
None influenced synnemata formation. Concentrations thiamin varying 
from 0.4 were next examined. the absence thiamin growth 
did not occur. The diameter the colony did not vary with the concentration 
thiamin but the thickness did. Synnemata developed only from colonies 
grown agar containing 1.0 thiamin more and ramifying, aerial 
hyphae only from colonies grown agar containing 8.0 free thiamin 
more. Thus thiamin did not affect synnemata development independent 
colony development. Similar results were obtained when using various 
concentrations biotin, and was concluded that under these conditions 
biotin and thiamin were not limiting factors other than the extent that 
they limited general mycelial growth when present suboptimal amounts. 


Light 

Light has been shown influence both colony growth and growth air- 
borne structures certain fungi (3, 10, 14). cretacea was known 
phototropic (Fig. but was not known whether light was essential for 
formation synnemata. 

When using medium No. III strain (A) developed synnemata well the 
dark light (Fig. and the variant did not develop synnemata the light 
the dark. 

Light not required for initiation development synnemata and 
phototropism, therefore, not involved the morphogenesis synnema. 
The possibility was considered that certain wave lengths might elicit different 
responses from others and inhibit development. The effect various wave 
length bands from 400 700 was examined growing cultures 
days Coleman Jr. spectrophotometer. Synnemata formed all instances 
but positive phototropic response was noted two regions only, 
and (Fig. 18). 

Light did affect the time required for synnemata development when either 
pure impure galactose was used place glucose (Table XI). This 
quantitative effect varies with the carbon source, contaminant the 
carbon source, since glucose permits formation light darkness while 
synnemata not form either light darkness when sucrose the carbon 


source. 


530 CANADIAN JOURNAL MICROBIOLOGY. VOL. 1959 


TABLE 


Effect light synnemata formation cultures grown galactose 
(10 days) 


Number plates* 


Treatment With synnemata Without synnemata 
Light 
Darkness 


*One giant colony per plate. (corrected for continuity). 


Carbon Source 

The carbon source medium can limiting factor morphogenesis 
(3, The effect various carbon sources synnemata formation 
cretacea shown Table XII. Fewer carbon sources permitted synnemata 
development than permitted general colony growth. The two forms growth, 
then, are separable and this suggests that one more factors are involved 
morphogenesis the synnema. Sucrose was added plates media contain- 
ing glucose the carbon source, determine whether the presence sucrose 
would prevent synnemata under otherwise favorable conditions. When suc- 
rose was added amounts equal to, one-half of, the concentration glucose, 
synnemata formation was completely suppressed. When sucrose was added 
one-tenth the concentration glucose, synnemata formation was not 
suppressed. Thus, the sugar which did not allow synnemata formation when 
supplied the sole carbon source was also capable inhibiting formation 
under otherwise favorable conditions, but large quantity was required 
(ca. 0.02 M). 


Nitrogen Source 

Since the carbon source could limiting factor was interest deter- 
mine whether the nitrogen source might also limiting. number nitro- 
gen sources were tested and each allowed synnemata formation (Table 
the basis this sampling nitrogen sources was concluded that exog- 
enous nitrogen does not influence morphogenesis the synnema. 

The nutritional studies discussed above suggest that nutrients general 
are not specifically involved morphogenesis. However, under some circum- 
stances concentrations nutrients can important. culture grown 
dilute medium containing glucose, starch, peptone, salts, and trace yeast 
extract did not develop synnemata except where the culture came into con- 
tact with two contaminants (Fig. 8). 


The presence drop exudate water near the base each synnema 
(Fig. 13) suggested that the development synnema might dependent 
upon the transpiration stream. were, saturated atmosphere would 
expected retard prevent synnemata development. 
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test this possibility, petri plate cultures were placed each two 
large glass tanks. One was loosely covered. The other was lined with filter 
paper and the bottom covered with water. The lid was sealed. moisture 
accumulated the first tank while the second tank was saturated with 
moisture. Synnemata developed from cultures both tanks but they differed 
structure. Those developed dry atmosphere were long and coarse, 
while those developed water-saturated atmosphere were finely structured, 
more numerous, but shorter than the others. High humidity, however, did 
not suppress retard synnemata development. 


Orientation 

Some factor must responsible for orientation the synnema initial away 
from the agar surface since growth and orientation this direction defies 
gravity. was previously ruled out, but negative geotropism 
remained possibility. 

Inverted cultures, however, developed typical synnemata whether incubated 
the light darkness. Unless one factor regulates formation upright 
cultures and another inverted cultures, geotropism can said not 
the factor responsible for orientation synnemata. Cultures incubated 
the dark with the agar surface vertical developed synnemata which were 
oriented horizontally and both greater and lesser angles from the horizontal. 
There was curvature, indicating that the growing point once formed not 
geotropic. 


Translocation 

Continued growth synnema must require translocation nutrients 
from the assimilative hyphae since the growing point the tip the struc- 
ture. Translocation could also limiting factor. For example, carbon 
source not allowing synnemata formation might prevent development because 
was not translocated. Preliminary experiments showed that glucose was 
rapidly translocated synnemata but was not readily translocated laterally 
through the aerial and substrate hyphae the colony. This was determined 
injecting glucose into colonies and measuring translocation 
with the aid radioautographs. Synnemata tall became labelled 
hour but not minutes while lateral translocation through the colony 
had occurred hours. seems likely that translocation important 
the morphogenesis the synnema and detailed study progress. 
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EXPLANATION 5-25 


PLATE 


Fic. Sectors variant (B) strain (A). 

Fic. Colony strain (A) medium No. III showing concentration synnemata 
center. 

Fic. Appearance strain (A) dilute medium. Synnemata have formed only 
where contact with two contaminants, Alternaria and Rhodotorula spp. 1/2X 

Fic. Appearance heterokaryon (AB) WGA agar. 4/9X 

Fic. Lower left, strain (A) random orientation synnemata culture grown 
the dark. Lower right, strain (A) synnemata pointed toward light source and exhibiting 
phototropism. Top center, variant (B) grown the dark. 2/5X 

Fic. 10. Central column the synnema. 


PLATE 


Fic. spore heads strain (A) No. III agar. 410X 

Fic. 12. Details conidiophore (A) (arrow) showing phialide, sterigma, and 
occurrence more than one spore attached sterigma. 410X 

Fic. 13. Young synnema with growing point. Note also presence water (arrow) 
exudate synnema. 

Fic. 14. Whole mount apical growing point from synnema tall. 
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III 


15. Heterogeneous appearance strain (A) following three serial transfers. 
1/3X 
Fic. 16. Homogeneous appearance strain (A) retrieved selecting colony from 
single spore. The wedge was found plating not contain variant (B). 

Appearance variant (B) isolated from platings strain (A) shown Fig. 

Fic. 18. Responses synnemata light different wave lengths: left, 400 my; 
center, 530 (no response); right, 700 5/9X 

Fic. typical synnemata from culture given drop water with the ino- 
culum. Right, incomplete synnemata from culture not given surface moisture. When using 
recently prepared agar, the addition surface moisture not required. 


PLATE 


Fic. 20. Fifteen-micron microtome cross section 1-cm-tall synnema. The lateral 
branches making the mantle branch and sub-branch, producing net hyphae. 
Stained with light green. Phase. 300X 

Fic. 21. Ten-micron microtome cross section 1-cm synnema showing the angular 
shape many the column members. Note that the cells the column are not all the 
same diameter. Cross sections the growing point not possess the angular appearance. 
Stained with light green. Phase. 

Fic. longitudinal section 1-cm-tall synnema. The primary 
branches the mantle are oriented upwards. The peripheral branchlets interlace. 
Stained with light green. Phase. 

Fic. tuft hyphae containing the potential synnema initial 
seen slide culture. The tuft originates the assimilative mat surface and grows 
through the overlying aerial hyphae agar colonies. 

Fic. 24. Same tuft Fig. the 4th day. Privileged hyphae have continued 
grow and have formed growing point. 20X 

Fic. 25. Tip 8-day-old synnema from tuft shown Fig. 23. new growing 
point has developed laterally (lower right). 12X 
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UTILIZATION LABELLED SUBSTRATES THE MYCELIUM 
AND UREDOSPORES FLAX RUST! 


Abstract 


The uredospores and mycelium flax rust have been shown capable 
utilizing external sources carbohydrates and amino acids varying degrees. 
rate study the assimilation uniformly labelled glucose indicated that 
metabolic pool consisting about the permanent cell carbon probably 
accounts for large part the exogenous respiration, but that more complex 
model required explain the relatively high activity the respired carbon 
dioxide the early stages the experiment. was also found that aureomycin 
had little effect the utilization the various compounds, whereas actidione 
can markedly reduce respiratory activity. 


Introduction 


Three years ago was reported from this laboratory (4) that the uredo- 
spores wheat stem rust could assimilate small quantities externally 
supplied sugars, lipids, and amino acids. The uredospores used that time 
were collected from wheat grown outdoor plots, and thus were not entirely 
free from other microorganisms. The presence these necessitated the addition 
antibiotics the germination medium and limited duration exposure 
the radiotracers hours. Further studies were needed with spores free 
from contaminants that the rate sugar uptake could studied over 
period several days and also evaluate more fully the possible effects 
the antibiotics aureomycin and actidione. This investigation has had await 
the development dependable methods for the production uredospores 
free from other microbes. The successful production uredospores and 
aerial mycelium flax rust tissue cultures (6) eventually provided suitable 
experimental materials for further radiotracer experiments. Attempts made 
the same with wheat stem rust were unsuccessful, hence was decided 
use Melampsora lini (Pers.) Lév. aerial mycelium was now available, 
was definitely interest compare its ability utilize exogenous sub- 
strates with that the uredospores. addition, some tests were carried out 
using uredospores produced flax plants grown the greenhouse. 


Materials and Methods 


Uredospores produced Redwing flax grown the greenhouse were avail- 
able all times. Those obtained from tissue cultures were collected 
days after the infected flax cotyledons had been placed agar. Although 
these had detectable difference size color compared with freshly 
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collected greenhouse spores, their water content was much higher, being 66% 
versus 10% the latter. However, wet combustion the amount carbon 
dioxide per milligram dry weight was practically identical (40.7 
tissue culture spores versus 40.2 greenhouse spores). 

The mycelium was collected from leaf fragments which had been agar 
weeks. Its water content was approximately 80% and after wet com- 
bustion 34.5 carbon dioxide was recovered per milligram dry 
weight. 

Conway’s microdiffusion units (2) were used for the respiration experiments 
and four cells were set for each test. The inner well the unit was filled 
with autoclaved agar solution, containing 100 p.p.m. Seitz- 
filtered aureomycin not mentioned otherwise. After the agar had solidified, 
0.2 solutions carbon-labelled substrates were pipetted the 
agar. these experiments the wet surface was not dried under infrared light. 
Approximately fresh weight mycelium 8.0 fresh weight 
spores was placed the agar surface each Conway unit. Care was taken 
see that the solutions completely wet the felt-like pieces mycelium, thus 
giving good contact with the agar surface. The spores were spread out 
thin and even layer possible. Neither the spores nor the mycelium were 
weighed before they were put the substrates order avoid contamination. 
Finally NaOH (0.2 was pipetted into the outer well each unit 
and the cover was sealed air-tight the plates with sterilized lanolin. With 
the exception few experiments time, incubation the units took 
place room temperature under diffuse daylight for hours. 
The NaOH was then removed and after standing another days 28° all 
plates were checked for contaminants. These were rare the units containing 
tissue culture spores but more difficulties were experienced with the mycelial 
cultures. bacteria could detected when the mycelium was 
removed from tissue cultures, colonies developed almost one-third the 
units first. Careful selection mycelium from bright yellowish-green 
tissue free from brown watery spots finally reduced contamination less 
than one out ten plates. all plates free from contaminants the spores 
mycelium were rinsed off the agar and washed hot water 
(80 90° C). The mycelium was washed glass filter and the spores were 
suspended hot water plus wetting agent and then recovered centri- 
fugation. The mycelium was dried for hours and ground 
powder, whereas the spores were frozen and stored —30° until processed 
for their uptake radioactive substrates. 

processing the respiratory and spore carbon, the materials from two 
Conway units were combined. However, was found that the best agree- 
ment between duplicates was obtained they were corrected constant 
endogenous respiration. The endogenous respiration was averaged out for 
the sugars and amino acids separately because was consistently higher 
the case the amino acids. For sugars, four Conway units the average 
value was 0.125 mmoles. For amino acids was 0.158 mmoles. The 
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spores used four units contained 0.442 mmoles carbon. Subtracting the 
endogenous respiration from this leaves the amount residual carbon pres- 
ent the end the experiment. This figure agrees moderately well with 
the amount recoverable spore carbon. 

Spore material and dried mycelium were converted carbon dioxide with 
chromic acid combustion fluid for measurement. The determinations 
were made the method Buchanan and Nakao (1). 


Germination Tests 

Before starting the radiotracer studies, germination tests were carried out 
both greenhouse and tissue culture uredospores. The results are shown 
Table apparent that there marked lag the germination tissue 
culture spores, and they are more temperature sensitive than spores taken 
from plants growing the greenhouse. However, the Conway units, 


TABLE 


Comparison germination with uredospores from greenhouse plants 
leaf tissue cultures flax 


Percentage Percentage 
germination germination 
24°C 10°C 
Tissue Tissue 
Incubation, Greenhouse culture Greenhouse culture 
hours spores spores spores spores 


*Germ tubes already too long to make dependable counts. 


exposed carbon dioxide free atmosphere and the possible secretion 
germination inhibitors (7), spores not germinate freely. Shu al. (5) 
have shown for wheat stem rust uredospores that the respiration not signif- 
icantly changed the germination process. The same apparently true 
the case flax rust spores, although measurements were made. With 
greenhouse spores the Conway units, germination frequently started but 
was soon suppressed. The tissue culture spores under these conditions never 
showed any signs germination but slight germination often followed 
removal the NaOH. 


Rate Studies the Utilization Uniformly Labelled Glucose 

Shu al. (4) fed wheat stem rust uredospores with exogenous, labelled sub- 
strates for constant period hours. Since the value results obtained 
greatly restricted ignorance rate factors, was decided the present 
study determine the effect time the utilization uniformly labelled 
glucose substrate. The experiments were carried out 6.8, the opti- 
mum for maximum utilization this substrate. 


Py 
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The data are shown graphically Fig. with the best-fitting straight lines 
(least squares) shown for the respiration rate and the specific activity the 
respired carbon dioxide. The zero-time intercept shown for respired carbon 
dioxide indicates that there initial respiration much higher rate 
which complete before the first sampling hours. Most this attri- 
buted the endogenous respiration and the linear rate thereafter attributed 
the exogenous respiration under consideration. 


SPECIFIC ACTIVITY, muc/mM RESPIRED 


TIME, days 


Fic. Utilization glucose, uniformly labelled, uredospores. Respired 
spores. 


The simplest analysis the data that based the assumption single 
constant size the spores which causes appreciable 
hold-up activity. further assumed that endogenous respiration 
essentially complete less than hours, and that carbon the pool 
metabolized randomly regardless source and the constant rate indicated 
Fig. The rate equations describing the total activity carbon the 
spores and the accumulated respired carbon dioxide are readily derived 
follows. 


Input c*k.dt (1) 
Output ck.dt (2) 
Accumulation k(c*—c)dt (3) 


where the specific activity carbon the substrate; 
the specific activity the carbon the metabolic pool, and 
therefore the carbon dioxide being respired, time 
the (constant) rate exogenous respiration. 
The rate change specific activity the pool given by: 


where the size the metabolic pool. 
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Two integral forms equation are: 


From equation 


where the mole fraction spore carbon the metabolic pool; 
the specific activity spore carbon, and therefore equal cp. 
plot against time should therefore give straight 
line, the slope which the inverse the residence time, v/k. Since there 
are two unknowns this relation, and trial and error method obtain 
the best straight line required. From Fig. apparent that the data are 
not sufficiently accurate estimate and exactly. Values from 0.06 
0.1 give reasonably straight lines, indicating probable residence time be- 
tween and days. Statistical analysis indicates that probably greater 
than 0.08. 


2.0 


SPECIFIC ACTIVITY, 


TIME, days TIME, days 


5 6 


Fic. Correlation between specific activity respired and time for various 
assumed values for the mole fraction spore carbon the metabolic pool. For 
notation see text. 

Fic. theoretical and experimental relation between specific activity 
respired and time. Theoretical curve for single metabolic pool; mean 
residence time 3.75 days. Theoretical curve for two metabolic pools which one, 
with mean residence time 6.0 days, accounts for 83% the respiration and the other, 
with negligible residence time, accounts for 17% the respiration. Experimental 
points. 


Substituting the expression for given equation equation and 
integrating gives: 


where the total activity the respired carbon dioxide time 

The specific activity respired carbon dioxide function time 
readily calculated dividing the amount carbon dioxide respired 
estimated from Fig. The best fit for the experimental data obtained 
using value 3.75 days for the mean residence time, v/k, but the measured 
specific activities are significantly higher than predicted this equation for 
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the first days (Fig. 3). From this, apparent that the assumption 
single metabolic pool does not fit the observed data within the experimental 
error. 

The data are fitted almost exactly assuming that some the exogenous 
respiration proceeds mechanism involving negligible hold-up. The 
equation representing the accumulation activity the respired carbon 
dioxide then becomes: 


where the respiration rate for the process involving negligible hold-up; 
the respiration rate for the process with mean residence time 
the total exogenous respiration rate. 

Fig. the specific activities predicted this equation using values 
0.002 and 0.010 mmoles per hour for and respectively, are compared 
with the experimental values. mean residence time days indicated, 
good agreement with the estimate from Fig. that about the spore 
carbon required form the metabolic pool. 

appears evident from these results that the assumption single meta- 
bolic pool for the utilization the exogenous substrate does not provide 
adequate model, but that more complex system metabolic pathways 
active, might expected. 

TABLE 
Effect antibiotics 


Rust material Substrate Antibiotics mM. mM. M./M. 
Tissue culture spores Glucose (uniformly None 
Actidione 
Aureomycin actidione .026 .010 
Aureomycin 
Actidione 
Aureomycin actidione .150 .011 
Tissue culture None .00022 .0033 
Aureomycin .00023 .0030 
Actidione .0022 
Aureomycin actidione .222 .00019 .0017 
Mycelium Glucose (uniformly None 
Mycelium Mannitol None 
Aureomycin .020 
Aureomycin actidione .092 .004 
Greenhouse spores Glutamic acid None 
Aureomycin 
Actidione 


Note: Respired derived from endogenous substrate. 
Respired CO: derived from exogenous, labelled substrate. 
~* = Mole fraction in the rust material of carbon derived from the exogenous, labelled substrate. 
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Effect the Utilization Uniformly Labelled Glucose 

The respired carbon dioxide derived from the labelled substrate increased 
with increasing higher alkalinities the respiration appeared 
drop, but this might attributed incomplete recovery the respired 
carbon dioxide under these conditions. Incorporation activity the spores 
also increased with increasing about 6.5 and dropped off higher 
values. All other experiments were run 6.8, the apparent optimum for 
both respiration and the incorporation activity the spores. 


Effect Antibiotics the Utilization Labelled Substrates 

Tissue culture spores were grown for days labelled glucose, arabitol, 
and L-lysine with and without either both aureomycin and actidione the 
medium. Similar tests were conducted with mycelium glucose and mannitol 
and with greenhouse spores glutamic acid substrate. The results given 


TABLE III 
Utilization sugars, sugar alcohols, and amino acids days 6.8 25°C 


Mean rate Composition 
respiration cell 
Carbon supplied CO, derived carbon 
labelled from labelled days, 
substrate, substrate,* moles derived 
moles/mole from labelled 
permanent permanent substrate/mole 
cell cell permanent cell 
carbon carbon carbon 


Labelled substrate Spores Mycelium Spores Mycelium 


Sucrose (uniformly 

Glucose (uniformly 

Fructose (uniformly 


L-Arginine 1.05 .00068 .00060 .0026 
L-Leucine 1.47 .0027 .0017 .0062 
L-Aspartic acid 1.03 .0077 
acid 2.65 .0077 .017 


*Calculated on the basis of a constant endogenous respiration of 0.125 mmoles, excepting the case of spores 
on amino acid substrates, for which a value of 0.158 mmoles was used. 
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Table show that the aureomycin had appreciable effect but that 
actidione reduced both the respiratory carbon dioxide derived from the active 
substrate and the amount activity incorporated the spores mycelium. 


Utilization Sugars, Sugar Alcohols, and Amino Acids 
Both spores and mycelium were grown media containing the labelled 
sugars, sugar alcohols, and amino acids listed Table III. rate studies 
were made, except previously noted for glucose. The endogenous respiration 
substrates containing amino acids was found appreciably higher (about 
25%) than that measured the experiments using sugars sugar alcohols. 
The data suggest that amino acids are utilized more slowly than most sugars 
and sugar alcohols, possibly involving different metabolic pathway. Gen- 
erally speaking, the results with mycelium paralleled those obtained with 
spores. 
Discussion and Conclusions 


Although has been shown that the uredospores flax rust are capable 
utilizing limited amounts externally supplied sugars amino acids, the 
results are quite variable, and some cases are probably not too significant. 
Many variables are difficult control and each sample spores, depending 
its age, source, and content natural germination inhibitors, undoubt- 
edly differs its reactions. Taking these factors plus much longer 
incubation period into account, one scarcely justified making many com- 
parisons with the earlier studies wheat stem rust spores. There little 
doubt, however, that the increased sugar uptake found with the flax uredo- 
spores can largely accounted for the absence the antibiotic actidione 
and the longer incubation period used the present studies. 

surprising similarity results was obtained with flax rust uredospores 
and the mycelium. Judging from the studies Dickinson (3), which indicated 
greater permeability the cell wall leaf hyphae than germ tubes, one 
might have expected greater uptake most radiotracers the mycelium. 
Such was not the case, however, and all indications are that this filamentous 
mat mycelium which develops the surface leaf tissue cultures subject 
the same metabolic blocks that exist the uredospores germ tubes. 
view the fact that the mycelium still incapable making further growth 
independent host tissue, perhaps this not too surprising. The fact that 
sugars and amino acids are taken into the cells and metabolized even small 
extent does indicate that permeability cell walls not the limiting factor 
further growth and development. 

The rate data obtained with uniformly labelled glucose substrate 
were examined determine whether any information the metabolic 
processes could extracted. was concluded that single process, with 
single rate constant, was not adequate explain the data. The simplest 
combination metabolic pathways which will satisfy the observed pattern 
must contain least two processes. One these, accounting for approxi- 
mately 20% the exogenous respiration, has negligible hold-up, whereas 
the other has hold-up time about days. 


TUREL AND LEDINGHAM: SUBSTRATE UTILIZATION 545 


Acknowledgment 


The authors are very much indebted Mr. Becker and Dr. 


Roxburgh for statistical and mathematical analysis the data and assis- 
tance writing this paper. They also wish thank Mr. John Dyck for mak- 
ing the determinations, and the Upjohn Company Kalamazoo, Michigan, 
and the Lederle Laboratories Division, American Cyanamid Company, Pearl 
River, New York, for providing the actidione and aureomycin. 


References 


and total carbon. Am. Chem. Soc. 74, 2389-2395 (1952). 


Conway, Microdiffusion analysis and volumetric error. Revised ed. Crosby, Lockwood 


Son, Ltd., London. 


Dickinson, Studies the physiology obligate parasitism. Further differences 


between the uredospore germ-tubes and leaf hyphae Puccinia triticina. Ann. 
Botany (London), N.S. 19, 161-171 (1955). 


wheat stem rust. Can. Microbiol. 559-563 (1956). 


P., TANNER, G., and Studies the respiration resting and 


germinating uredospores wheat stem rust. Can. Botany, 32, 16-23 (1954). 


lini (Pers.) Lév. flax leaves tissue culture. Can. Microbiol. 


813-819 
VAN SUMERE, F., VAN SUMERE-DE PRETER, C., VINING, C., and 
Coumarins and phenolic acids the uredospores wheat stem rust. Can. Micro- 
biol. 847-862 (1957). 


547 


THE METABOLISM 2-KETO-D-GLUCONATE CELL-FREE 
EXTRACTS LEUCONOSTOC 


CIFERRI? AND BLAKLEY 


Abstract 


The degradation 2-keto-p-gluconate Leuconostoc mesenteroides shown 
proceed according the following pathway: 2-keto- 
3-phosphate. 

Cells grown were shown previously possess 
adaptive and specific 2-ketogluconokinase. These cells also contained reductase 
presence DPNH TPNH, 6-phospho-p-gluconate-dehydrogenase, phospho- 
ketolase, and acetokinase. The 2-keto-6- 
which was also present cells grown 
gluconate shows optimal activity between 4.5 and 6.5 and rapidly in- 
activated heat. The 6-phospho-p-gluconate-dehydrogenase specific for 
DPN has optimum between 7.2 and 7.7 and stable when heated 
50° for minutes. 

The production carbon dioxide pentulose-phosphate with extracts from 
cells grown proceeded more rapidly with 2-keto-6- 
the substrate than with This 
difference rates was eliminated system recycle hydrogen such alcohol 
dehydrogenase and acetaldehyde pyruvate couple with lactic acid de- 
hydrogenase was provided. Thus the existence alternate pathway for 
the catabolism 2-keto-6-phospho-D-gluconate carbon dioxide, acetic acid, 
and lactic acid does not appear exist. 


Introduction 


Previous work from this laboratory (2, has shown that Leuconostoc 
mesenteroides degrades and form products similar 
those from glucose. Since 2KG more oxidized than glucose, acetic acid 
rather than ethanol produced. The presence adaptive 2-ketoglucono- 
kinase cells grown 2KG has also been reported and the product the 
reaction, 2K6PG, has been identified (4). 

the studies reported this paper, evidence presented for the existence 
pathway which 2K6PG reduced 6PG, has previously been 
found occur Aerobacter cloacae (6), Pseudomonas fluorescens (14), and 
Bacillus cereus (13). The 6PG then converted and 
6PG-dehydrogenase, and eventually degraded acetyl-P and G3P (18, 27). 


1Manuscript received July 14, 1959. 

Contribution from the National Research Council Canada, Prairie Regional Laboratory, 
Saskatoon, Saskatchewan. 

Issued N.R.C. No. 5346. 

2National Research Council Canada Postdoctorate Fellow, 

following abbreviations will used: 2KG, 2-keto-p-gluconate; 2K6PG, 2-keto-6- 
phospho-p-gluconate; 6PG, 6-phospho-p-gluconate; G6P, 
D-ribulose-5-phosphate; Xu5P, G3P, 
acetyl-P, acetyl-phosphate; ATP, adenosinetriphosphate; ADP, adenosinediphosphate; 
Co-A, coenzyme-A; TPP, thiamine-pyrophosphate; DPN, diphosphopyridine nucleotide; 
TPN, triphosphopyridine nucleotide; DPNH, reduced diphosphopyridine nucleotide; TPNH, 
reduced triphosphopyridine nucleotide; TCA, trichloroacetic acid; EDTA, sodium ethylene- 
diaminotetraacetate; Pi, inorganic phosphate; TRIS, tris-(hydroxymethyl)aminomethane. 


Can. Microbiol. Vol. (1959) 
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Materials and Methods 


Bacteriological 
Leuconostoc mesenteroides PRL L33 was adapted grow the specific 


substrate and the cell-free extracts were prepared previously described 


(2, 4). 


The following chemicals were obtained from commercial sources: DPN, 


TPN, DPNH, TPNH, and 6PG from the Sigma Chemical Company; 
pyruvate, G6P, M6P, and TPP from the Schwarz Laboratories; and Co-A 
from the Pabst Laboratories. 6PG was also prepared the method 
Seegmiller and Horecker (23) and analogous method was used prepare 
6PM from M6P. 2K6PG was prepared enzymatically and isolated 
previously described (4). The sources other materials were previously 
described (4). 

Acid phosphatase, lactic acid dehydrogenase, and alcohol dehydrogenase 
were obtained from the Worthington Biochemical Corporation. Yeast 6PG- 
dehydrogenase was prepared described Horecker and Smyrniotis (15) 
from local strain brewer’s yeast. from spinach, Ru5P- 
3-epimerase from Lactobacillus pentosus, and from 
bacter aerogenes were supplied Dr. Simpson this laboratory. 


Analytical 
The oxidation and reduction nucleotides were observed Beckman 
spectrophotometer 340 cells having 1.0-cm light path (capacity 
ml). Pentulose-phosphate was determined the method Dische 
and Borenfreund (12); pentose the orcinol method Mejbaum (22) 
modified Horecker (17); acetyl-P the method Lipmann and 
Tuttle (20) with succinic anhydride standard; and protein the method 
Lowry al. (21) using recrystallized egg albumin standard. 
Chromatographic identification 6PG was made under conditions pre- 
viously described (4). Descending chromatography 
saturated phenol and Whatman No. paper was used for the identification 
Ru5P. Orcinol-TCA (1), p-aminodimethylaniline hydrochloride (19, 25), 
and silver nitrate (26) sprays were used for the identification the inter- 


mediates. 
Experimental 


Detection Enzymes Crude System 

Preliminary examination the extracts Leuconostoc mesenteroides grown 
glucose, gluconate, and 2KG showed that G6P-dehydrogenase specific for 
TPN (11) and 6PG-dehydrogenase specific for DPN (10) were present. 
reductase that acted upon 2KG the presence ATP was also present. 
oxidized DPNH the presence 2KG and ATP and was active only 
the extracts cells grown 2KG (Table experiment Preincubation 
2KG and ATP with the extracts before addition DPNH resulted 
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more rapid oxidation DPNH (Table experiment suggesting phosphor- 
ylation 2KG prior the action the reductase. 2K6PG could replace 
2KG plus ATP (Table experiment 2). Extracts cells grown gluconate 
glucose did not oxidize DPNH the presence 2KG plus ATP because 
the absence 2-ketogluconokinase (4). 2K6PG, however, was reduced, 
indicating the reductase was also present the glucose- and gluconate-grown 
cells. evidence was obtained for the reduction 2KG the absence 
ATP such has been found other microorganisms (5). 


TABLE 


Dehydrogenase activities cell-free extracts 


Activity* the extracts 
cells grown on: 


Experiment 2-Keto- 
number Substrate Glucose Gluconate gluconate 


G6P TPN 4.37 3.72 5.38 
Glucose ATP TPN 0.016 0.008 0.16 
6PG DPN 0.049 0.078 0.053 
Gluconate ATP DPN 0.016 0.067 0.017 
2KG ATP DPNH 0.003 0.45 
2K6PG 0.14 0.15 3.62 


2KG DPNH (preincubate minutes) 


2KG ATP (preincubate minutes) 
DPNH 0.82 


Note: The reaction mixture contained the following components: 0.2 mg coenzyme (TPN, DPN, or DPNH), 
10 ywmoles substrate, 125 uwmoles glycylglycine buffer (pH 7.4), 30 umoles Mg*t, 15 wmoles ATP (when added), 
cell-free extract, and water to 3.0 ml. 

*Activity was calculated as the optical density change per minute per milligram protein. 

tCorrected for DPNH oxidase, measured the absence carbohydrate substrate. 


The oxidation DPNH the presence 2K6PG crude extracts 
cells grown 2KG shown Fig. TPNH oxidized approximately 
the same rate. The failure obtain complete oxidation reduced DPN 
TPN crude extracts due the activity the 6PG-dehydrogenase, for 
when the reaction was done under conditions which inhibited the activity 
the 6PG-dehydrogenase (see below), the oxidation DPNH and TPNH was 
complete. 

The products the action crude extracts 2K6PG 2KG plus ATP 
consistently gave positive reaction for pentulose-phosphate, acetyl-P, and 
triose-phosphate, thus suggesting the presence decarboxylating enzyme 
and phosphoketolase (18). 

was not metabolized crude extracts (8). However, R5P-iso- 
merase was added, R5P disappeared and pentulose-phosphate was produced 
(Fig. 2). Similarly, the production acetyl-P from (Table II) and the 
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0.5 


OPTICAL DENSITY (340 


Lox 6PG+DPNH 


TIME, minutes 


Fic. Oxidation DPNH and TPNH 2K6PG. Each cuvette contained 
DPNH, 0.01 crude extract (0.075 protein), and glass-distilled water 1.0 ml. 


TABLE 


Formation acetyl phosphate 


Experiment Acetyl-P formed, 
number Substrate 


umoles 


umoles R5P 2.13 


Note: Each milliliter reaction mixture contained the following components: substrate as indicated, 6.6 uwmoles 
Mgt+, 33 uwmoles phosphate (pH 6.0) except when 33 uwmoles arsenate (pH 6.0) was used, 80 uwmoles succinate 
buffer (pH 6.0), 0.16 umoles TPP, 5 umoles reduced glutathione, 0.2 ml cell-free extract, and R5P-isomerase. 

*Acetyl-P formed in 30 minutes. 


RSP-1SOMERASE 


06 
+RS5P- ISOMERASE 


04 


PENTULOSE PHOSPHATE 


OPTICAL DENSITY 


00 


20 


TIME, minutes 


Fic. Disappearance R5P. One-half milliliter reaction mixture contained 
buffer (pH 6.0), 2.5 reduced glutathione, 0.32 TPP, and cell-free extract. 
The reaction was stopped with 0.5 TCA solution, 6.0 water added, and cen- 
trifuged. was measured the orcinol reaction 670 and pentulose-phosphate 
the Dischecarbazole reaction 540 
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10 
° 
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oxidation DPNH RSP the presence glycerophosphate dehydrogenase 
(16) occurred only after the addition R5P-isomerase. Ru5P-3-epimerase 
had little effect the reactions suggesting the presence this enzyme the 
extracts. Evidence was also found for the existence acetokinase (Table II), 
enzyme hitherto not reported present 

Thus, all the enzymes required degrade 2K6PG acetate and lactate 
via 6PG were present and the individual steps were then examined more 
detail. 


Separation 2K6PG-reductase and 6PG-dehydrogenase 

Attempts obtain preparations containing only 2K6PG-reductase were 
unsuccessful. Fractional precipitation with ammonium sulphate 5.0 
and 7.0, negative positive absorption calcium phosphate gel, absorption 
diethylaminoethyl-cellulose, and elution with different eluants (EDTA 
TRIS-Mg acetate NaCl) consistently gave preparations that 
contained both 2K6PG-reductase and 6PG-dehydrogenase. The 2K6PG- 
reductase, however, appeared relatively unstable preparations were 
completely inactive after weeks’ storage the contrary, 
loss was evident the activity the 6PG-dehydrogenase even storage 
for longer periods months). 

The 2K6PG-reductase could removed from the 6PG-dehydrogenase 
heating (Fig. 3). Holding the enzyme 7.6 30°C for minutes 
inactivated 50% the 2K6PG-reductase and 50°C for minutes almost 
completely inactivated the 2K6PG-reductase. 6PG-dehydrogenase, the 
contrary, was quite stable for least minutes 50°C. Preparations 
6PG-dehydrogenase free the reductase were thus obtained heating the 
crude extracts 7.6 50° for minutes. 


2K6PG— 
REDUCTASE 


DEHYDROGENASE 


> 
° 


2K6PG 
~ REDUCTASE 


ACTIVITY REMAINING 


units 


TEMPERATURE 


Fic. temperature the stability 2K6PG-reductase and 6PG-dehydro- 
genase. One-tenth milliliter crude extract (0.075 protein) was diluted with 
0.1 0.1 EDTA buffer (pH 7.6) and held for minutes water bath the 
desired temperature. The samples were then quickly cooled bath. 
activity was assayed 5.0 while 6PG-dehydrogenase was assayed 
7.5. 

Fic. the activity 2K6PG-reductase and 6PG-dehydrogenase. 
Each cuvette contained 2K6PG 6PG, umoles DPNH DPN, 0.01 
crude extract (0.075 umoles EDTA buffer the desired pH, 
and glass-distilled water 1.0 ml. The was determined the end the reaction 
with glass electrode. unit was defined the amount enzyme giving change 
0.1 O.D. per minute. 


600 60 : 
= 400 40 
200 
° 20 40 60 3 5 7 9 "I 
pH 
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Effect 

The activities the two enzymes can separated adjustment the 
the assay system (Fig. 4). 2K6PG-reductase has broad peak 
maximum activity between 7.0 and 4.5 while 6PG-dehydrogenase shows 
sharp peak between 7.2 and 4.5, was therefore possible 
measure 2K6PG-reductase with minimum interference 6PG-de- 
hydrogenase. However, should emphasized that between 6.0 and 
8.5 the results obtained with 2K6PG-reductase are only approximate because 
interference 6PG-dehydrogenase. 


Effect Inhibitors 

outstanding difference was found between 6PG-dehydrogenase and 
2K6PG-reductase their response inhibitors (Table III); both were 
sensitive p-chloromercuribenzoate and mercury acetate, less sensitive 
copper acetate, and relatively insensitive the other inhibitors tested. 


TABLE III 
Effect inhibitors 


Per cent inhibition 


Concentration, 2K6PG- 6PG- 
Inhibitor reductase dehydrogenase 


p-Chloromercuribenzoate 


Copper acetate 


Mercuric acetate 


Sodium fluoride 


Potassium cyanide 


Hydroxylamine 


6PM 


Stardard amounts inhibitor solution were added 0.5 crude extract (3.7 protein) 
give the concentration shown above and held in an ice bath for 10 minutes. Controls taking into account the 
dilutions were run using glass-distilled water dilution of the enzyme solution. 


Characterization the Product 2K6PG-reductase 

Difficulty the characterization the product the reaction between 
2K6PG and DPNH neutral values was encountered because the 
rapid conversion the 6PG pentulose-phosphate the 6PG-dehydroge- 
nase. However, 4.7 the disappearance 6PG could prevented 
because the inactivity the 6PG-dehydrogenase this pH. 
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reaction mixture containing EDTA buffer (pH 4.7), umoles 
2K6PG, umole DPNH, 0.01 crude extract (0.075 protein), 
and glass-distilled water 1.0 was prepared for the production 6PG. 
The reaction was followed completion the Beckman 340 The 
contents the cuvette were treated with acid-washed charcoal 
remove the nucleotides and the adjusted 7.5 addition 0.2 gly- 
cylglycine buffer. This solution was then examined for the presence 6PG. 

Identification 6PG the above solutions was first done enzymatically. 
the contents the cuvette was added DPN TPN and 6PG- 
dehydrogenase preparation from mesenteroides (free 2K6PG-reductase 
heat treatment) from brewer’s yeast. With both enzyme preparations 
the reduction the DPN TPN was identical with that obtained experi- 
ments containing authentic 6PG (Fig. 5). 


A 
N 


REOUCTASE 


6PG+DPN 
8 
+O0PN 


REDUCTASE 

PRODUCT 


OPTICAL DENSITY (340 


° 5 10 15 20 


TIME, minutes 


Fic. TPN reduction the product obtained from the 2K6PG-reductase 
reaction and The product 2K6PG-reductase 4.5 after deprotein- 
ization and removal the nucleotides (see text) was compared with 6PG reac- 
tion mixtures containing glycylglycine buffer (pH 7.5), DPN 
TPN, and 0.03 6PG-dehydrogenase from mesenteroides (0.02 protein) (B) 
0.01 from yeast (0.2 protein) (A), and glass-distilled 
water 3.0 ml. 


Analogous results were obtained 7.5 the reaction was stopped 
minutes after the addition the 2K6PG-reductase and before the bulk 
the 6PG was decomposed (6). these experiments, the reaction was 
arrested the addition 0.05 30% TCA; the precipitated protein 
was removed centrifugation, the nucleotides with charcoal, and the TCA 
with ether. The enzymatic determination the formed 6PG was done 
described above. 

clear-cut separation between 6PG and 2K6PG was achieved paper 
chromatography. The product the action the reductase 2K6PG 
consistently gave spot with (0.35 0.36) similar that 2K6PG 
(0.37) and 6PG (0.35). However, the product the reductase failed give 
the reactions given 2K6PG with the o-phenylenediamine and aniline 
phthalate reagents. Like authentic 6PG, the reductase product reacted only 
with silver nitrate, ammonium molybdate, and bromcresol-green. 
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The reductase product could not distinguished chromato- 
graphically from 6PM 0.36), which isomer 6PG. 6PM was not 
utilized the 6PG-dehydrogenase isolated from mesenteroides the 
dehydrogenase brewer’s yeast, nor was metabolized crude extracts 
2KG- and gluconate-grown cells mesenteroides, thus providing further 
evidence that the reductase product was 6PG. 


Carbon Dioxide and Pentulose-phosphate Production 

Dialyzed sonicates mesenteroides grown 2KG produced from 
2KG only the presence DPNH and ATP (Fig. When DPNH was 
replaced DPN the over-all rate production and yield was reduced. 
the presence DPNH, the total yield from 2KG plus ATP 
2K6PG, although variable with different preparations, was usually 90-100% 
one mole CO: per mole substrate. 


6PG+ DPN+CH,CHOD 
Om 


2KG+ATP+DPNH 

e 


6PG+DPN 


i 


CARBON DIOXIDE PRODUCED 


TIME, minutes 


Fic. production from 2KG and 6PG cell-free extracts. Each 
Warburg flask contained the following components dissolved 2.5 water the main 
compartment: 0.25 mmoles phosphate (pH 6.5), 0.06 mmoles Mg**, substrate, 
ATP (when added), and DPN DPNH. The cell-free extract, 0.5 ml, 
was added from the side arm. Alcohol dehydrogenase was added reactions containing 
ethanol acetaldehyde solution) which were placed the main compart- 
ment with DPN DPNH 


6PG was found poor substrate for the decarboxylation reaction. 
reaction occurred the absence DPN the presence DPNH, 
and the reaction rate was slow the presence DPN. However, the 
decarboxylation reaction was studied the presence alcohol dehydrogenase 
and acetaldehyde, the rate production and yield from 6PG became 
approximately quantitative (one mole per mole substrate). Alcohol 
dehydrogenase and ethanol acetaldehyde had, the contrary, little effect 
the decarboxylation 2KG plus ATP. 

addition differences the rate production preliminary 
experiments showed that the rate production pentulose-phosphate from 
6PG was less than that obtained with 2KG plus ATP 2K6PG. 
pyruvate was added hydrogen acceptor mixtures containing 6PG with 
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without lactic acid dehydrogenase, the same amount pentulose-phosphate, 
with faster rate formation, was obtained experiments with 2K6PG 
(Fig. and ethanol dehydrogenase gave similar results, but 
because interference with the cysteine-carbazole reaction for pentulose- 
phosphate, quantitative data were obtained. The addition pyruvate 
the reaction mixtures containing 2K6PG inhibited the formation pen- 
tulose-phosphate, presumably because competition for DPNH between 
2K6PG-reductase and lactic acid dehydrogenase. 


a 

+ PYRUVATE 
6PG+CoA 

2K6PG+ PYRUVATE 

- PYRUVATE 

FIG. TIME, minutes 

> 

w 

FIG. 8 TIME, minutes 


Left: Each assay tube contained EDTA buffer (pH 7.0), 
6PG pyruvate 0.2 Co-A, 0.2 DPNH DPN toa 
final volume 0.4 ml. 

Right: Each assay tube contained phosphate buffer (pH 7.0), substrate 
and nucleotide the experiment, 0.2 umoles TPP, and toa 
final volume 0.4 ml. 

all tubes 0.05 2KG-grown cells extract (0.37 protein) was added and the 
reaction was stopped 15-minute intervals addition 0.1 30% solution 
TCA. the end the pentulose-phosphate was determined each tube 
adding 0.2 1.5% solution cysteine hydrochloride followed 6.0 70% 
and 0.2 12% carbazole ethanol. The optical densities were 
540 after hour color development. The control zero time (obtained adding 
the TCA solution prior the enzyme solution) was used blank. 
Effect coenzymes and the production pentulose-phosphate from 

Left: Conditions Fig. except that only 2K6PG was used and the coenzymes 
varied shown. 

Right: Conditions Fig. except that only 2K6PG and DPNH were used 
and the the EDTA buffer varied shown. 
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Such results would indicate that 6PG the intermediate the degradation 
2K6PG pentulose-phosphate. When DPN, required the 6PG- 
dehydrogenase, regenerated, 6PG metabolized faster rate than 
2K6PG, would expected 2K6PG was converted 6PG prior further 
degradation. the other hand, the addition hydrogen acceptor system 
unnecessary when 2K6PG the substrate since the reduction 2K6PG 
provides the DPN required the 6PG-dehydrogenase. 

The yield pentulose-phosphate from 2K6PG and 6PG plus pyruvate 
the absence inorganic phosphate and TPP reaches maximum between 
and minutes and then decreases slightly the next hour (Fig. 
the presence inorganic phosphate and TPP, which are required for phospho- 
ketolase activity (18), only small amount pentulose-phosphate accumulates 
the first half hour and then even this quickly disappears. Under such 
conditions the cysteine-carbazole reaction showed blue color due the 
formation G3P (9, 12, 18) which reaches maximum alter hour and then 
slowly disappears. The non-phosphorylated and D-xylulose not 
disappear under these conditions. 

the presence absence inorganic phosphate and TPP, pentulose- 
phosphate production from 2K6PG shows slight lag period corresponding 
presumably the reduction 2K6PG 6PG. Since 2K6PG-reductase 
rather unstable enzyme, such lag periods tend increase with the age 
the cell preparations. 

Low yields pentulose-phosphate were obtained from 2K6PG with TPNH 
low values (Fig. Since 2K6PG-reductase quite active low 
and when TPNH substituted for DPNH, the low yield pentulose- 
phosphate should ascribed the inactivity 6PG-dehydrogenase the 
acid and its greater affinity for DPN. Such findings provide further 
evidence that 6PG the intermediate the degradation 2K6PG. 


Identification the Product 6PG-dehydrogenase 

The product resulting from the action 6PG-dehydrogenase 6PG has 
been previously isolated and characterized Ru5P (7, 15). the present 
experiments, the pentulose-phosphate produced from 2K6PG 6PG the 
absence inorganic phosphate and TPP was isolated removing the proteins 
with TCA, the nucleotides with charcoal, and precipitating the sugar phos- 
phates the barium salts. The barium salts were dissolved HCl, 
treated with ammonium sulphate and, after removal the precipitated 
barium sulphate, the supernatant solution was dephosphorylated with acid 
phosphatase. With descending water-saturated phenol the solvent 
Whatman No. filter paper, only one spot was evident, having (0.63) 
agreement with that authentic ribulose (0.61) and which gave the same 
color reactions with orcinol-TCA (1) and spray 
reagents (19, 25). 

The orcinol spectrum the phosphorylated sugar gave only one peak 
absorption 670 like Ru5P (25) but the dephosphorylated compound, 
addition the absorption peak 670 my, gave only slight shoulder 
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540 Since ribulose should present quite distinct peaks absorption 
540 and 670 (15), the only possible explanation the presence, together 
with ribulose, substantial amounts whose spectrum shows only 
the peak 670 could have arisen from the action 
Ru5P-3-epimerase, enzyme found present the extracts. Further 
evidence for the presence xylulose was obtained when the mixture the 
dephosphorylated pentuloses was utilized substrate preparation 
free Ru5P-3-epimerase (24). 


Production Acetyl-P 

acetyl-P was produced from 2K6PG 6PG the absence inorganic 
phosphate and TPP. their presence, the production acetyl-P followed 
the same pattern that pentulose-phosphate (Fig. 9); 6PG plus pyruvate 
gave better results than 2K6PG while 6PG alone was much inferior. these 
experiments, some acetyl-P, material reacting with the acetyl-P test, was 
obtained the control containing pyruvate but was too small 
comparable the amount acetyl-P obtained from 6PG plus pyruvate. 


2K6PG 


OPTICAL DENSITY (540 


TIME, minutes 


Fic. acetyl-P. Conditions right Fig. except that the 
amounts substrate, coenzyme, and enzyme were doubled. The reaction was stopped 
addition 1.0 solution containing 14% hydroxylamine hydrochloride and 
NaOH. Acetyl-P was determined adding 3.0 solution containing equal 
volumes FeCl; 0.1 HCl, 3.0 HCl, and 12% TCA, and the color formed 
read 540 after minutes development. The controls zero time (obtained 
adding the hydroxylamine solution prior the enzyme) were used blanks. 


Regeneration ATP Cell-free Extracts 

Since, the experiments with 2KG, less than stoichiometric amounts 
ATP were required (for example see Fig. 6), the effect ATP the produc- 
tion from 2KG was examined (Fig. 10). Although the rate 
production increased with increasing amounts ATP, the total amounts 
CO, formed were the same except the lowest ATP concentration because 
incomplete reaction. replacing the phosphate buffer with arsenate 
(Fig. 11), the yield was reduced. Increasing amounts ATP increased 
the yields but the initial rates the reaction were approximately the 
same all cases where arsenate was used. These results suggest that ATP 
for the phosphorylation 2KG was formed during the metabolism 2KG. 
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Fic. ATP the production from 2KG cell-free extracts. 
Conditions are the same Fig. 

Fic. 11. Effect arsenate the production CO: from 2KG cell-free extracts. 
Conditions are the same Fig. contains 0.25 mmoles phosphate buffer 
and ATP; others contain 0.25 mmoles arsenate and ATP indicated. 


Discussion 


Cell-free extracts Leuconostoc mesenteroides grown D-glucose, D-glu- 
conate, and 2KG contain 2K6PG-reductase which, the presence DPNH 
TPNH, reduces 2K6PG. The product the reduction has been isolated 
and identified chromatographic and enzymatic methods 6PG. con- 
stitutive 6PG-dehydrogenase, specific for DPN, transforms 6PG 
The then epimerized Xu5P which split acetyl-P and G3P 
phosphoketolase. 

The observation that production carbon dioxide, pentulose-phosphate, 
and acetyl-P cell extracts was greater and more rapid from 2K6PG than 
from 6PG apparently the result the lack suitable hydrogen recycling 
system. Thus, the presence system capable regenerating DPN for 
the 6PG-dehydrogenase reaction, such alcohol dehydrogenase and acetalde- 
hyde pyruvic acid with the lactic acid dehydrogenase present the extract, 
the rate carbon dioxide and pentulose formation from 6PG was faster than 
from 2K6PG. addition, 4.7, where the activity 6PG-dehydrogenase 
low when TPNH substituted for DPNH, the production pentulose 
from 2K6PG and 6PG inhibited. These results strongly support the sug- 
gestion Wood (quoted ref. 13) that the difference between the rates 
which 2K6PG and 6PG are degraded simply lies question hydrogen 
transfer rather than the existence alternate pathway (13). 

Evidence has been also found for the presence Ru5P-3-epimerase, phos- 
phoketolase, and acetokinase but not for R5P-isomerase. 

From the results presented here and those available the literature (3, 
10, 18), the metabolism 2KG mesenteroides postulated take 
place according the following scheme: 
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2KG ATP 2K6PG ADP 
2K6PG DPNH 6PG DPN 
RuSP 
Acetyl-P ADP Acetate ATP 
Sum: 2KG 2ADP 2Pi CO: acetate lactate 2ATP 


The first two reactions the degradation 2KG are common Aero- 
bacter cloacae (6), Pseudomonas fluorescens (14), Bacillus cereus (13), and 
mesenteroides. 2-ketogluconoreductase converting 2KG gluconate 
has been recently reported present other microorganisms (5). 
evidence was found for the presence such enzyme extracts mes- 
enteroides since they did not reduce 2KG the absence ATP. 
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NOTES 


PORTABLE HEATING UNIT FOR STERILIZING BACTERIOLOGICAL 
INOCULATION LOOPS! 


SMIRNOFF? 


inoculation loop needle indispensable tool for routine work 
microbiology. loop needle usually sterilized heating gas flame. 
However, often necessary sterilize inoculating loops needles where 
gas not available where open flame undesirable as, for example, 
the forest. The electrical apparatus described herein was devised for use 
under such circumstances. may powered regular 115-v electrical 
outlet battery, making adaptable either laboratory field 
conditions. 

Where electric outlets are available, transformer must used reduce 
the current from 115 Two flexible wires leading out from the trans- 
former are arranged provide two contacts shown Fig. loop 
can heated resting the metal loop holder one contact and then com- 
pleting the electrical circuit touching the tip the needle loop the 
other contact. takes seconds bring the loop red heat, whereas 
with gas flame takes seconds. The author used loops made 
Chromel instead platinum since they are more rigid and less expensive. 

When outlets are available, 12-v automobile battery can used, 
but either rheostat longer loop must employed with 12-v battery 
limit current flow. more compact power unit desired, five six 
small nickel-cadmium batteries attached series will give output 
6-7 amp-hour; the complete unit can carried pocket. Figure 
illustrates how this portable battery can used the field. One battery 
terminal connected the metal handle the loop flexible wire, the 
other terminal connected metal contact small Hoffman tubing 
clamp convenient) which can clamped suitable location the 
worker’s clothing. touching the second contact with the loop, the circuit 
closed and the loop heats very rapidly. The batteries should recharged 
after few hours operation either with automobile battery 115-v 
outlets with the aid selenium rectifier. 

certain bacteriological work, such the transfer microorganisms 
culture tubes, the whole part the loop entering the tube has sterilized. 
The author recommends chrome-nickel rod long and diam- 
eter, insulated one end 11-cm sleeve asbestos, and the other end 
tapered fine point with file. 

1Contribution No. 534, Forest Biology Division, Research Branch, Department Agri- 


culture, Ottawa, Canada. 
Biology Laboratory, Quebec, Que. 


Can. J. Microbiol. Vol. 5 (1959) 
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Fic. needle operated with 6-v transformer. 
Fic. Inoculation needle operated with batteries. 
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The portable apparatus described above has been successfully used 
the author, the field, for variety purposes including the isolation 
organisms and the inoculation polyhedral viruses into insects. has 
also been tested with satisfactory results forest pathologists this labora- 
tory serial transfers fungus spores. 


RECEIVED 1959. 

Forest 

RESEARCH BRANCH, 

CANADA DEPARTMENT AGRICULTURE, 
OTTAWA, ONTARIO. 


MEASUREMENTS INTENSITY PRIMARY FLUORESCENCE 
MICROBIAL SMEARS 


DEREPENTIGNY AND SONEA 


The recent recognition primary fluorescence general property 
microorganisms (3) suggests new approach their study. More precise 
evaluation primary fluorescence all the more important view the 
widespread use fluorochromes and fluorescent antibodies. Obviously 
this normal characteristic should kept mind when staining microbes 
with fluorochromes. quantitative technique for appreciating the intensity 
this phenomenon smears presented. 

desirable grow the microorganisms the surface solid media, 
liquid media low fluorescence and free from particles suspension. 
The microbes can harvested with minimum contaminating fluorescent 
substances, and the liquid removed through centrifugal action. The 
microorganisms are then resuspended distilled water (preferred saline 
avoid NaCl crystals smears). 

these experiments, intensity measurements were performed using equal 
volumes microbes. The results thus obtained afforded clear basis for 
comparison among different species microbes. ensure that equal 
volumes were taken, the suspension distilled water was centrifuged 
Hopkins’ tubes (International Centrifuge, size model horizontal 
head No. 241, (approximately 1775 g), minutes, room temper- 
ature). After the supernatant was removed, the volume microorganisms 
was noted the tubes. Sufficient distilled water was then added order 
make 33% v/v suspension. Most species microorganisms are uniformly 
suspended under these conditions. 

From this suspension, volume 0.01 was allowed dry cm? 
circular surface clean milk smear slide (standard equipment used 
Breed’s method counting bacteria milk). 


Can. Microbiol. Vol. (1959) 


VOL. 1959 


564 CANADIAN JOURNAL MICROBIOLOGY. 


The smears were then examined with the fluorescence microscope (Leitz 
model BX). Our set-up included: high-pressure mercury vapor lamp 
(Osram HBO-200); source filters BG12, mm, and UGI, (photometric 
center 365 (2); bright-field condenser; dry 70X objective (Leitz fluorite 
dry system 70/0.90 2.7 focal length) with Euphos protective filter 
front the front lens (so that cover glasses were unnecessary) and periplan 
10X eyepiece with OGI filter, 2.5 thick. Through lateral window, 
the action total reflection prism, the smear was set focus 
and examined visually prior fluorescence intensity measurements. 

The prism was then removed from the luminous path that the beam 
might reach the photomultiplier tube directly. The latter was permanently 
fixed 8.5 from the eyepiece. The intensity the fluorescence was 
read the dial the attached amplifier (Photovolt Corporation, model 
520-M), previously used for other purposes (1), one unit being 0.0001 
microlumen. 

The microscopical fields were examined the following systematic way: 
starting the center smear and moving the mechanical stage along 
lines successive moves each (after the reading 
the center, one forward move, one the right, two backward, two the 
left, three forward). This was done avoid reading the same field twice, 
and keep the front lens workable distance from the edge the smear. 
Thus the microscopical fields are not subjectively selected. 

preliminary the procedure described here, readings were first made 
clean smearless slide. These readings revealed the presence very 
small quantity unfiltered rays showing intensities varying from 61. 

may noted here that sterile (non-inoculated) media used throughout 
these investigations gave intensity readings 60-110 when volume equal 
that the bacteria suspension was employed. The supernatant the 
24-hour microbial culture used gave, under the same conditions, intensity 
readings (a) from 110 for Staphylococcus pyogenes culture, (b) from 3100 
4600 for Pseudomonas aeruginosa culture, and (c) from 170 for 
Candida albicans. 

The 33% microbial suspension studied under the above-mentioned condi- 
tions gave intensity readings ranging: (a) from 1600 2050 for Staphylococcus 
pyogenes, (b) from 900 1300 for Pseudomonas aeruginosa, and (c) from 900 
1700 for Candida albicans. 

The original fluorescence the nutrient culture medium proved too 
weak account for the much brighter fluorescence the bacterial bodies. 
Furthermore, the fluorescence the nutrient medium seemed increase 
after the microbes had grown (to greater extent, naturally, the case 
Pseudomonas aeruginosa because its diffusible pigments and much less 
for Staphylococcus pyogenes for Candida albicans). 

exclude the possible interference from microscopical fluorescent particles 
the culture media, control smears were made non-inoculated culture 
media treated the same way the microbial culture (centrifugation, 
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washing, and resuspension). Their low fluorescence intensity (practically 
equal that the background the set-up: 41-72) may regarded 
negligible, thus permitting consider the direct reading microbial smears 
the net value the primary fluorescence the microorganisms. 

measurable amount fluorescent material was extracted from the 
microorganisms while being centrifuged suspension distilled water for 
approximately minutes. The washing gave reading equivalent that 
the background. 

our experience, the accuracy the apparatus astonishing. This 
due the stability the mercury lamp, the multiplier photometer, and 
the standardized (as far was possible) preparation the microbial 


smears. 

This apparatus with slight modifications, including movable fieldstop, 
can used also measure primary fluorescence intensity isolated groups 
microbes heterogeneous microscopical field. 


and EHRMANTRANT, Instrumental estimation bacterial population 
fluorescence microscopy. Appl. Microbiol. 231-234 (1955). 
Die Methoden der Fluoreszenz-und Ultraviolett-Mikroskopie 
ihrer Bedentung fiir die Zellforschung. Mikroskopie, 147-167 
1954). 
chez les bactéries. Can. Microbiol. 
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